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PROCEEDINGS OF THE TWENTY-SECOND ANNUAL MEET- 
ING OF THE AMERICAN SOCIETY FOR CLINICAL INVES- 
TIGATION HELD IN ATLANTIC CITY, N. J., MAY 5 , 1930 


Liver Fractions in Pernicious Anemia, By Randolph West and (by invitation) 
Marion H owe. New Y ork, N , Y, 

It has been shown that the material in liver active in pernicious anemia (activ- 
ity being measured by reticulocyte response after feeding) is not precipitated by 
sodium sulphate nor by alkaline silver solutions, is precipitated by phosphotung- 
stic acid, is not precipitated by picric acid and is not removed from the water phase 
on shaking as picrate against butyl alcohol and ether mixtures. 

During the past year we have dissolved the Lilly Liver Extract in water, satu- 
rated with solid anhydrous sodium sulphate, filtered and removed sodium sulphate 
from filtrate by adding alcohol to 60 or 70 per cent by volume. After blowing 
off alcohol an excess of solid picric acid is added, any precipitate discarded, and the 
filtrate shaken five times against a mixture of equal parts of ether and butyl alco- 
hol. The water layer after shaking out butyl alcohol with ether and blowing off 
ether is precipitated in 3 per cent sulphuric acid with phosphotungstic acid and 
the precipitate regenerated after dissolving in 75 per cent acetone with hot baryta. 
This material is adjusted to pH 5.0 and evaporated in vacuo to 10 cc. (material 
from 400 grams Lilly Extract). This is poured into 190cc. absolute alcohol. The 
predpitate has been fed in doses of SOO mgm, daily wuth practically no response. 
The supernatant fluid is active. On adding 10 cc..of hot aqueous baryta to the 
supernatant fluid an amorphous precipitate forms which is centrifuged down, dis- 
solved in water and largely freed of barium with sulphuric acid. This material 
is highly active, while the final alcoholic supernatant fluid is almost inert. In one 
instance reticulocytes rose from 4 to 21 per cent with red cells at 900,000 on 
500 mgm. daily for four days by mouth. 

On hydrolysis with hydrochloric acid a crystalline hydrochloride separates which 
has the crystal form and empirical formula on combustion of hypoxanthine. Oza- 
zones melting at 156° and 204°C. have been obtained. 

On feeding a crj^stalline phosphotungstic regenerated precipitate nearly all 
activity was lost, though the Molisch reaction and hyqioxan thine were present. 
Similarly there is marked impairment of activity on feeding the precipitate from 
ammoniacal lead regenerated with H 2 S. Adenosine and the sodium salt of 


inosinic acid from muscle have been fed wthout any response. Yeast nucleic acid 
in 5 -gram doses daily has proven inert. 

The filtrate after precipitation with lead and ammonia was next used, 680 m^. 
obtained from 1200 grams of the Lilly extract were injected intravenouslVythe 

1 y 
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reticulocytes rising from 3 to 40 per cent with red cells rising from 1 .4 to 2.3 millions 
(reticulocyte peak 640,000) . 

This material is amorphous and probably impure. It is acid to methyl red, is 
levorotatory (abou t — 15) . On combustion C 46.6 per cent, H 6.9 per cent, N 10.6 
percent, 0 35,8 per cent; no SnorP^NH^-N before hydrolysis trace, after hydrol- 
ysis about 50 per cent of N. Amorphous Ba and green Cu salts have been obtained, 
soluble in water, predpitable from alcohol. The precipitate is heavy with phos- 
photungstic acid, crystalline, moderate with HgS04, and alcoholic PtCh, slight 
with ammoniacal AgNOs. There is none with picric, falvianic nor picrolonic 
acids, nor with AuCla. Amorphous precipitate from alcohol with thallous hydrox- 
ide. No reduction KMn04 in acid, slight in alkaline solution. Diazo and Molisch 
reactions are negative. On distillation with soda lime vapors given a strong pine 
splinter reaction. On adding p napthol and 2 volumes of concentrated H2SO4 a 
strong green fluorescence develops. A careful search of hydrolytic products has 
failed to reveal thymene, uracil or cytosine; but a substance giving a green copper 
salt, and precipitable by phosphotungstic acid is still present. 

The best fraction is rich in a nitrogenous body with acid properties. 

Quantitative Shidids of the Ntwiber of Cells in the Bone Marrow. By Raphael 
Isaacs, Ann Arbor, Mich. 

The cells of the fresh bone marrow can be counted with a fair degree of accuracy 
by dissolving a measured amount of marrow in blood serum and then counting 
the cells by the usual blood counting technic. Differential counts can be made 
from films made from the serum suspension. The cells, under these conditions, 
stain the same as do those of the blood stream and can be identified easily. Data 
on the cell numbers and types in the normal and various diseases have been 
correlated. In nephritis there is a reduction in the number of adult red blood cells 
and polymorphonuclear neutrophilic leucocytes in the bone marrow and an increase 
in the number of “lymphoid” cells. 

Further Ohservations on the Etiological Relationship of Achylia Gasirica to Pernicious 
Anemia. By William B. Castle, and (by invitation) Wilmot C. Town- 
send, and Clark W. Heath, Boston, Mass. 

Observations have already been reported’ demonstrating that by an interac- 
tion of normal human fasting gastric contents and beef muscle, both of which are 
separately ineffective, a substance is produced which will cause a prompt hema- 
topoietic effect and clinical improvement in Addisonian pernicious anemia compar- 
able to that obtained with liver feeding. The nature of this reaction has now been 
studied by means of observations upon fifteen additional cases of pernicious 


^ Castle, W. B. : Proc. Roy. Soc. Med., 1929, xxii, 58. 

Idem: Am. J. Med. Sci., 1929, clxxviii, 748. 

Castle, W. B., and Townsend, W. C. : Am. J. Med. Sci., 1929, clxxviii, 764. 



AMERICAN SOCIETY TOR CLINICAL INVESTIGATION 


.3 


anemia in respect to the nature of (o) the extrinsic factor of the reaction con- 
tained in beef muscle and (b) the intrinsic factor present in normal human gastric 
contents. These observations demonstrate that the proteins precipitated at pH 6 
from beef muscle may act as the extrinsic factor. Normal human saliva, and duo- 
denal contents collected by a special technique so as to be free from gastric juice 
are entirely ineffective when incubated with beef muscle. The essential reaction 
betw'cen gastric juice and beef muscle may take place in neutral solution. Heat- 
ing the gastric juice to 40°C. "for three days or to from 70'^ to 80°C. for one-half hour 
abolishes its effectiveness. If normal gastric juice is treated with casein solution^ 
and then with magnesium carbonate, ^ the pepsin and rennin may be completely 
removed, leaving behind an unknown factor which, however, can react in neutral 
solution with beef muscle to produce the hematopoietic substance. 

In contrast to our original negative experiments with pig stomach mucosa after 
autolysis in acid,^ it has now been found possible to reproduce the activity of 300 
grams o^ fresh pig stomach mucosa by incubating 25 or 100 grams of the fresh 
stomach mucosa with 200 grams of beef muscle. These experiments suggest that 
the effectiveness of pig stomach feeding demonstrated by Sturgis and his associ- 
ates after our original negative results with autolyzed mucosa,® is the result of 
postmortem changes within the tissue similar to physiological reactions occur- 
ring between normal .human gastric juice and beef muscle. The activity of the 
pig stomach is furthermore apparently not identical with that of liver since heat- 
ing the former to 100®C. for five minutes is sufficient to markedly effect its 
potency in contrast to the lack of effect on liver extract under similar circum- 
stances. 

The gastric juice of two patients with blood pictures entirely consistent with the 
diagnosis of pernicious anemia (sprue and multiple intestinal anastomosis), both 
of which subsequently showed a typical response to effective liver extracts, has been 
found in each case to contain normal amounts of hydrochloric acid, pepsin and 
rennin, but to be entirely incapable of reacting with beef muscle. The irrelevance 
of any of the existing tests of gastric function for the detection of the essential 
factor of the normal gastric juice is thus made clear. 


The Response Obtained in Healthy Pigeons to the Administration of Substances 
Effective in Pernicious Anemia. By Janet M. Vaughan and Gulu Lindh 
Muller (by invitation) and George R. Minot, Boston, Mass. 

Recent work on the treatment of anemia has facilitated the differentiation of a 
group of human anemias which must be regarded as due to the deficiency of some 


2 Hammarsten, 0.: Ztschr. f. physiol. Chem., 1911, Ixxiv, 142. 

® Idem: Ztschr. f. physiol. Chem., 1908, Ivi, 18. 

^ Castle, \V. B., and Locke, E. A.: J. Clin. Invest., 1928, vi, 2. 

® Sturgis, C. C., and Isaacs, R.: J. Am. Aled. Assoc., 1929, xdii, 747. 
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substance essential for the normal production of adult red blood cells. Such 
anemias, including pernicious anemia, are characterized by a megaloblastic hyper- 
plasia of the bone marrow. The bone narrow of the healthy grain-fed pigeon is 
also of this type. It appeared therefore possible that the administration to pigeons 
of substances capable of alleviating a deficienc}^ in man associated with megalo- 
blastic hyperplasia of the marrow might provoke a response in the bird similar 
to that resulting in clinical cases. If such were the case it might provide a biologi- 
cal test for the potency of these substances. 

Intravenous administration of a sdries of relatively pure liver preparation^ 
known to be effective when given intravenously in pernicious anemia gave a con- 
sistent response in fourteen healthy birds. Two pigeons only failed to react to a 
potent fraction. These two negative results were obtained probabty, because it 
was only possible to give an extremely small dose owing to scarcity of material. 
The response was characterized by a rapid increase in the circulating reticulocytes, 
from an average control level of 9.2 per cent to one of about 18 per cent. This was 
accompanied by a pronounced gain in the birds* weight when less pure preparations 
were used. Similar effects were obtained when liver extract No. 343 (N.N.R.) 
was given by mouth, except when sepsis was present, which is in agreement with 
clinical observations. No such definite responses were obtained when extracts 
ineffective in pernicious anemia were employed. Negative results were also ob- 
tained with intravenous injections of sodium chloride and histamine, preparations 
of both fractions of Vitamin B (Vitamin (G), B^ (F), and liver extract No. 
(N.N.R.)), in which the active principle had been destroyed. 

Beef muscle previously digested by healthy gastric juice is as effective as liver in 
pernicious anemia. Human gastric juice fed pigeons caused no reticulocyte re- 
sponse, but beef muscle promptly did so. Probably the pigeon’s gastric juice, like 
normal human gastric juice, can elaborate from beef muscle material that promotes 
blood regeneration. 

The positive action of those substances effective in pernicious anemia upon the 
bone marrow of the healthy corn-fed pigeon would appear to be of biological 
significance. 

. The Use of Blood Bilirnhin Ctirves as a Test for Liver Function. Bj'’ George A. 

Harrop, Jr., and (by invitation) E. S. G. Berron, Baltimore, Md. 

The measurement of the rate of disappearance of bilirubin from the blood after 
intravenous injection has been employed as a method for the determination of 
liver function. The use of bilirubin, which is a physiological material normally 
excreted by the liver has obvious advantages over dyes and other foreign sub- 
stances which have been employed for this purpose. In the past the practical 


^ We are greatly indebted to Dr. Edwin J. Cohn and Dr. Thomas L, McMeekin 
of the Department of Physical Chemistry of the Harvard Medical School who made 
the liver preparations and supplied them for our experiments. 
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difficulties of dissolving bilirubin so that it might be injected, except in extremely 
alkaline solution, have prevented its use. A method has nowbeen found for dissolv- 
ing the material and injecting it at the hydrogen ion concentration of tlie blood. . 

When 1 mgm. of the material per kilogram of body weight is injected, it is found 
that the material disappears normally from the blood stream promptly, but that 
with persons with liver damage this excretion is greatly delayed. Comparison 
with various other methods for liver function— dye injection, le\mlose, etc., 
shows that it is very much more delicate. By this method it has been possible to 
demonstrate hepatic disturbances particularly in chronic long standing anemia, 
in mildly decompensated cardiac disease and in acute infections, particularly lobar 
pneumonia, which were hitherto not suspected. 

Electrolyte Studies in Histavthic Shock. By Dana W. Atciiley, and (by invita- , 
tion) Dickinson Richards and E. N. Benedict, New York, N. Y. 

Histamine shock was studied in a series of dogs using blood samples draw’n 
before, during and after the effect of the drug. Consistent results were observed 
as follows: 

1. Extraordinary increase in hematocrit with no change in serum protein 
present; indicating removal of whole serum. ’ 

2. Strikingincrease in undertermined acids (B-A) ; proved by analysis to be lac- 
tic acid. 

3. Lactic acid acidosis compensated by (a) increase in total base, (6) decrease in 
bicarbonate. 

The unique response to acidosis by increase of base has been noted b3’‘ L. J. 
Henderson and A. Bock in the lactic acid acidosis of prolonged exercise. 

The Participation of an Unidentified Tissue Substance in the Formation of Wheals. 
By H. L. Alexander, St. Louis, Mo. 

It has been shown^ that if a constant amount of histamine be injected intra- 
dermally at different sites, the resulting wheals after a given time will vaty greatly 
in size. The same variation occurs with morphine,^ allergens,® etc. In general, 
larger wheals appear on the trunk than on the extremities. Such wheals are pre- 
sumably due to the release of a histamine-Iike substance (H- substance)^ by the 
skin cells at the injected sites. This, in turn, acts on the surrounding capillaries, 
making them permeable to their contained plasma. This theory, probably correct, 
does not account for the inconstant size of wheals at different sites. There is no 
evidence that this is due to differences in skin structure or vascularity. It occurs 
in dogs as well as in human subjects. 


^ Lewis, T., and Grant, R. R. : Heart, 1924, xi, 209. 

* Grobel, A.: Zeit. exp.Med., 1929, Ixv, 352. 

® Alexander, H. L.: Proc. Soc. Exp. Biol, and Med., 1928, xxv, 800. 

^ Lewis, Thos.; The Blood Vessels of the Human Skin and their Responses, 
London, 1927, Chap. VI. 
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On the assumption that some tissue factor other than H-substance contributes 
to wheal formation, the following experiment was done. Skin removed from an 
anaesthetized dog was washed, chopped and shaken for two hours in nine parts of 
0.9 per cent sodium chloride solution (= skin extract). A histamine phosphate 
solution 1 to 10,000 also in sodium chloride was prepared ( = histamine) . Of each 
of the following 0,02 cc. were injected intradermally in a second dog: (a) hista- 
mine; {b) skin extract; (^;) skin extract + histamine* (histamine added to concen- 
tration of (a). After fifteen minutes, the increase in size of wheal formation was 
measured with a planimeter. The average readings of a series were (a) 0.3 sq. cm., 
(6) 0.0 sq. cm., (c) 0.8 sq. cm. The increase in (c) was constant in several hundred 
injections. Atropine and morphine reacted similarly with skin extract. Extract 
of human skin in fewer experiments likewise enhanced the action of histamine. 

It is presumed that there is a substance in the skin, irregularly distributed, that 
enhances the action of wheal forming substances either directly or through the medi- 
ation of H-substance. Chemical analysis shows this to be non-dialyzable. Its 
identification is not completed. 

Changes hi the Tissues Followi^tg the Administration of Excessive Quantities of 
Water, By C. H. Greene and L. G. Rownxree, Rochester, Minn. 

Several cases of diabetes insipidus have been observed in which the excessive 
intake of fluids was accompanied by restlessness, agitation, muscular tremor and 
the development of epileptiform convulsions. Rowntree has described the experi- 
mental production of a similar condition in animals, under the name of water 
intoxication. We have previously demonstrated that the administration of exces- 
sive quantities of water will produce a true dilution of the blood. 

The accompanying changes in the tissues were studied in a series of young male 
white rats of approximately 200 grams body weight. Distilled water, in quantities 
of 5 per cent of the body weight was administered by mouth or intraperitoneally 
at half-hourly intervals until convulsions occurred. The rats were then killed by 
bleeding and determination made of the gross and net weight of the animal, of the 
weight of the eviscerated carcass comprising the skin, skeleton and musculature 
and of the weight of the brain, liver, kidney, spleen and remaining viscera. The 
per cent of total solids in the blood, muscles and other organs was also determined. 

In general the changes observed were the same whether the water was given by 
mouth or intraperitoneally. Comparison of the two experimental series of rats 
with the normal control series shows that there was an increase in weight of between 
25.0 and 27.0 grams on the average, or between 12 and 13 per cent of the total 
body weight. The changes in the blood were similar to those previously reported. 

The increase in the trunk was responsible for the greater portion of the increase 
in 'weight, A reduction, in the total solid content in the muscle, on the average 
from 24.28 to 19.65 and 20.97 per cent respectively suggests that the greater part 
of the 'water absorbed was taken up by the muscles. There was a slight increase in 
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the weight of the brain with an accompanying decrease in the per cent of solids in 
that organ. These changes were the most striking. The individual variation in 
the size of the liver, kidney and spleen was so great as to mask any gross changes 
in these organs, though there was a slight reduction in the percentage of solids in 
each case. 

Studies in Edema. I, The Mechanism of Water Diuresis in Man. By Frank 
FREatONr-SMiTH, and (by invitation) FJUSJfONT-Sifini, Mary 

Elizabeth Dailey, Philip Solomon, DeWitt Stetten, Jr., and Margaret 
P. Carroll, Boston, i^Iass. 

By parallel determinations of creatinine in serum and in urine, it is possible to 
calculate the amount of glomerular filtrate formed per hour (Rehberg, P. B., 
Biochem. J., 1926, xx, 447). This we have done during a standard water diuresis 
test (200 cc. of water every half hour for three hours), both in normal individuals 
and in patients with various kinds of edema. In addition we have studied the 
effects of pituitrin, caffeine and urea. Specific gravity, freezing-point depression, 
creatinine, urea, and chloride have been determined in serial samples of urine, 
while freezing-point depression, creatinine, urea, chloride, protein, and total 
solids have been determined in the blood serum. 

The normal response to water drinking is a prompt diuresis exceeding in volume 
the water intake. Little, if any, dilution of the blood serum occurs. In the pres- 
ence of edema, at the onset of fever, or after pituitrin injection, however, this nor- 
mal diuresis does not occur, or is delayed, while a significant dilution occurs in the 
blood serum. 

At the height of water diuresis, when the hourly volume of urine is 700 cc. or 
more, the amount of glomerular filtrate formed may not be appreciably greater 
than when the urine excreted is only 30 cc. per hour. 

Vimtrup (Am. J. Anat, 1928, xli, 123) has shown that the average glomerulus 
in man contains fifty non-anastomosing capillaries, while Richards and Schmidt 
(Am. J. Physiol., 1924, Ixxi, 17S) have shown in the frog that variations occur not 
only in the number of glomeruli functioning at any one time but also in the number 
of patent capillaries in a given glomerulus. On the basis of the above known 
/matomy and physiology of the glomerular capillaries, we would emphasize the 
importance of the distribution of the glomerular capillary bed for the control of 
tubular reabsorption. Thus it is possible to have the same amount of glomerular 
filtrate fonned from one glomerulus with fifty open capillaries as would be foirned 
in the same time from fifty glomeruli with only one open capillary in each. In the 
first case, however, all the glomerular filtrate would pass rapidly down one tubule; 
in the second case the same volume of filtrate would be distributed into fifty tubules 
each receiving one fiftieth of the total, and the flow down each tubule would be 
proportionatdy slower. Cushny (J. Physiol., 1902, xxviii, 431) and others have 
presented evidence that the slower the rate of flow of glomerular filtrate down 
the tubule the more will it be concentrated. Hence a small volume of concentrated 
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urine would be the result if the filtrate is formed in a large number of glomeruli with 
but one capillary open in each, while a dilute urine of large volume may be ex- 
pected if the filtrate is formed in relatively few glomeruli in each of which all or 
most of the capillaries are open, for example, at the height of water diuresis. Thus 
a redistribution of a given volume of blood flow from many glomeruli with few 
capillaries open, to few glomeruli with many capillaries open, could produce the 
extreme changes in the urine volume and concentration occurring during water 
diuresis, when only minor changes in the amount of glomerular filtrate occur. A 
similar redistribution would explain the results of Pickford and Verney (Am. J. 
Physiol., 1929, xc, 470) who found in a heart-lung preparation that the ligation 
of a primary arterial branch to the kidney did not produce a reduction in urine 
volume proportional to the diminution in blood flow. In fact, not infrequently, 
an absolute increase in urine flow occurred at constant perfusion pressure. 

Other conditions being constant, the amount of glomerular filtrate formed in a 
given time is a linear function of the number of glomerular capillaries patent no 
matter what their distribution, while the extent of reabsorption in the tubules 
at any given time is a function of the number of tubules active. 

Variations in the distribution of the glomerular capillary bed allows wide range 
in the number of tubules available for the concentration of any given amount of 
glomerular filtrate. All the filtrate derived from fifty capillaries ma}^ be poured 
into one tubule or distributed into fifty tubules. 

This offers a differential mechanism for the excretion of water and of solids, 
which, if substantiated, must play an important role in the regulation of both 
the volume and the composition of the organism. The two contrasting clinical 
conditions, uremia without edema, and edema without nitrogen retention, now 
become understandable on the basis of functional or structural changes in the dis- 
tribution of the glomerular capillary bed. On the one hand, the glomerular filtrate 
is deficient in quantity, but so distributed into relativel}" few tubules (from glomer- 
uli with man}^ capillaries open in each) that there is little reabsorption. A polyuria 
of low specific gravity results ; edema is absent. The small contracted kidney and 
the potycj^stic kidney are examples. On the other hand, as in nephrosis, the 
glomerular filtrate is normal in quantity, but is always distributed into so many 
tubules (from glomeruli with but few capillaries open in each) that much reabsorpr 
tion takes place leading to edema. A small volume of concentrated urine is ex- 
creted and water diuresis fails to occur. When both the glomerular filtration 
surface is deficient and the available glomeruli have but few patent capillaries in 
each, both nitrogen retention and edema take place. 

At autopsy the glomerular pathology is suggestively in accord with this con- 
ception (Bell, E. T., Am, J. Path., 1929, v, 587). 

The Relatio 7 i of Ede^na and of Fatigue to the Potassium Content of Skeletal and Cardiac 
Muscle, By Tinsley Randolph Harrison and (by invitation) J. Aliped 
‘Calhoun, Glenn E. Cullen, and Cobb Pilcher, Nashville, Tenn. 

Previous studies have shown that the cardiac and skeletal muscles of individuals 
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dying of congestive cardiac failure contain an abnormally small amount of potas- 
sium. In the present study an attempt has been made to determine the reasons 
for this phenomenon. 

Edema appears to be the cause of the loss of the potassium from skeletal muscle 
because: 

1. The skeletal muscle of individuals with congestive heart failure has an 
abnormally high water content. 

2. Diminished potassium content of skeletal muscle is found in subjects with 
edema due to other causes. 

3. The potassium content of skeletal muscle of patients who have cardiac disease 
but who have never had edema is normal. 

4. The potassium content of skeletal muscle rises as the patient loses edema, 

5. The daily injection of saline solution, or Ringers solution, into one of the 
hind legs of a dog results after a week or more in a marked decrease in the potassium 
content of the “edematous” leg— the normal leg showing no such diminution. 

These changes are not simply dilution effects as the potassium content of “dry” 
as well as “wet” muscle is affected. 

Edema does not appear to be the cause of the loss of potassium from the cardiac 
muscle as the water content of the hearts of patients dying of congestive heart 
failure is usually normal or nearly normal. 

The loss of potassium from the cardiac muscle appears to be related to “cardiac 
fatigue” for the following reasons: 

1. In patients with hypertension, but without congestive heart failure the 
potassium content of the right ventricle has been found to be normal; that of the 
left ventricle low. 

2. In a patient dying of massive collapse of the lung, the potassium content of 
the left ventricle was normal, whereas, that of the right ventricle was diminished. 

3. In a patient with cottcreiio cordis with the peripheral signs of cardiac insuffi- 
ciency, but with a small atrophic myocardium, the potassium content of both ven- 
tricles was higher than normal. 

4. Stimulation of the sciatic nerve for several hours results in a diminished potas- 
sium content of the muscles of the stimulated leg as compared to the “control” 
normal leg. 

5. Tachycardia resulting from vagotomy may cause diminution in the cardiac 
potassium. 

6. Ligation of one of the primary brandies of the pulmonary' artery causes a 
change in the potassium content of the right ventricle but no change in that of the 
left ventricle. 

7. Digitalis causes a change in the potassium content of the heart. 

It is believed that the loss of potassium brought about by edema and by over- 
work is in each instance, related to a state of relative tissue oxygen lack. 

Potassium dibasic phosphate was administered to a group of patients with con- 
gestive cardiac failure. In those of this group who came to autopsy the skeletal 
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muscle contained normal amounts of potassium but the cardiac muscle contained 
only slightly more than that of a similar group who had not received this salt. 

A study of the relationship of potassiiun loss to other electrolyte changes is in 
progress. 

% 

Studies on the Experimental Tra7iS7nissio7i of Acute Upper Respiratory hifection, 
{Conwion Cold). By Gerald S. Shibley, A. R. Dochez, and (by invitation) 
Katherine C, Mills, New York, N. Y. 

Further progress in the experimental transmission of human colds to apes by 
means of filtrates is presented. In addition, a limited number of transmission 
experiments in which human subjects were used is reported. ' 

To the present, we have successfully passed colds, by intranasal inoculation 
with filtered nasal washings, from humans to apes in 44 per cent of the cases at- 
tempted. Further, we have transmitted colds from ape to ape by the same 
method. Attempts to transmit colds have been unsuccessful when we have used 
filtrates which have been kept from 10 days to 2 weeks and when we have used 
for purposes of inoculation the Gram-negative filter-passing organisms (described 
by Olitsky and his co-workers) obtained from patients suffering from colds. 

In the human experiments the subjects have been taken singly and have been 
placed in rigid quarantine. To rule out possible entrance during incubation of colds, 
and for purposes of preliminary bacteriological study, the subjects have been kept 
under observation from 5 to 7 days. At the end of this period, filtered nasal wash- 
ings, obtained from individuals suffering from typical colds, have been inoculated 
intranasally. To the present, we have been successful in transmitting colds in 
43 per cent of the cases attempted. 

Variations in the Nasophar'^iigcal Flora in the Tropics {Virgin I stands ^ West Indies) 
during the Period of a Year. By W. G. Smillie, Boston, and (by invitation) 
Frank Milam, New York. 

The report is upon part of a study of the influence of environmental factors upon 
variation in the nasopharyngeal flora, A field research laboratory was established 
in St. John^s, U. S. Virgin Islands, or a small, isolated island in the West Indies. 
Epidemiological, bacteriological, and climatological observations were continued 
for one year. 

The basic nasopharyngeal flora were found to be similar to the types observed 
in southern Alabama and Labrador. Some interesting and striking differences 
were noted. One mild epidemic of colds occurred and was studied. The correla- 
tion of the occurrence of upper respiration infections with variations in atmos- 
pheric temperature was noted. 

The Spread of RJieuniatic Fever through Families. By Jo^ R. Paul and (by 
invitation) Robert Salunger, New Haven, Conn. 

A familial study upon rheumatic fever hasbeen engaged uponin thebelief that it 
might bring us into closer contact with the hereditar>^ and environmental condi- 
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tions under which this obscure disease naturally develops, than it is possible to 
establish through observations upon isolated hospitalized patients. 

To attack the problem we studied twelve families. Selection was made on the 
following bases: (1) that at least two or more members of the family shall have 
suffered from rheumatic fever, and (2), that all of the members of the family shall 
have been under observation at the New Haven Hospital or Dispensary for a 
reasonable period of years. 

The method of recording data is that devised by Opie in his studies on the 
spread of tuberculosis through families. 

The character of the distribution of rheumatic fever through these families 
strongly suggests that we are dealing with a chronic disease which is moderately 
infectious. The appearance of an active flare-up of rheumatic fever in one mem- 
ber of the family has been frequently accompanied by simultaneous outbursts of 
the disease in other members and not infrequently by the appearance of non-spe- 
cific types of illness, such as infectious arthritis, bronchitis, bronchopneumonia 
unexplained skin rashes, etc. 

The spread of the disease occurs more frequently to the younger rather than to 
the older members of the family. 

Serological Reactions in Pneumonia ‘loiih a Non-protein Sojnaiic Fraction of Pneumo- 
coccus. By WiLLiAsi S. Tillett and (by invitation) Tiiouas Francis, Jr., 
New York, N.Y. 

Up to the present time the two chemical constituents of pneumococcus cells 
employed in immunological and serological reactions have been : 

1 , Soluble specific substance (Type-specific carbohydrate) . 

2. Somatic protein (so-called nucleo-protein). 

The present report is based upon observations made with a third chemical 
fraction derived from pneumococci and^ chemically distinct from the other tw'O 
(designated Fraction “C’O. The chemical nature of Fraction "C” has been deter- 
mined by Dr. Walther F. Goebel and is reported in a separate communication. At 
the present time it is sufficient to state that it is non-protein and appears to be a 
carbohydrate common to the pneumococcus species. 

Sera obtained at frequent intervals from patients acutely ill with, or convales- 
cent from pneumonia have been mixed with varying dilutions of Fraction 
and the presence or absence of precipitation noted. It has been found that serum 
derived from a patient during the acute phase possesses a high titre of precipitins 
for Fraction “C.” Within a day or two after recovery this precipitating power 
abruptly and permanently disappears. The sera of 50 patients have been tested 
at frequent intervals from admission to the hospital until several months after 
recovery. In every instance the precipitating capacity for Fraction has run a 
similar course. The phenomenon is unrelated to the type of pneumococcus causing 
infection. 

The curve of the precipitin titre for Fraction is distinctly different from that 

obtained by the use of either t>q)e-specific carbohydrate or nudeo-protein fractions. 
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Type-specific antibodies are absent during the acute phase of pneumonia, are 
demonstrable at about the time of crisis, and are homologous to the infecting organ- 
ism. On the other hand, anti-“C” antibodies are highest during the acute stage, 
disappear just after crisis, and are not related to t3^e specificity. Anti-protein 
antibodies do not vary markedly during the course of pnerunonia. Consequently 
it is possible to plot three distinct curves of antibody titre depending upon which 
of three chemically distinct fractions of pneumococcus is used as precipitinogen. 

Sera derived from patients suffering from febrile diseases other than pneumonia 
have also been tested for the capacity to react with Fraction ''C.” Of the limited 
number so far investigated, precipitins of Fraction “C’’ have been found only in 
those individuals acutely ill with diseases, whose etiological agent is known to be, 
or suspected of being a Gram-positive coccus. In those instances anti-“C’’ 
antibodies are demonstrable during the active febrile states and are not present 
during periods of normal temperature. 

Bacteriological Studies on Rheumatic Fever, By Russell L. Cecil, and (by invi- 
tation) Edith E. Nicholls, and Wendell J. Stainsby, New York, N. Y. 

Streptococci have been obtained in a high percentage of patients with rheu- 
matic fever, both from the blood and from the affected joints. Most of these 
streptococci have been classified as alpha streptococcus {Streptococcus viridans). 
Occasionally, however, beta or gamma streptococci are isolated. Agglutination 
and absorption tests indicate that a considerable number of the strains of strep- 
tococci recovered from the blood and joints of patients with rheumatic fever 
show a tendency to fall into definite biological groups. The serum of patients 
with rheumatic fever usually shows agglutination for the type of streptococcus 
recovered from the blood and joints. These findings corroborate those of previous 
investigators and tend to establish the conclusion that rheumatic fever is a strep- 
tococcal infection, usually of the alpha or viridans type. The pathogenesis of 
rheumatic fever in respect to the joint lesions appears to be analogous to that of 
infectious arthritis and gonococcal arthritis. Bacterial allerg}" probably influences 
the clinical picture in all three conditions, but in each instance the joint mani- 
festations are primarily dependent upon localization of bacteria in the joint with 
subsequent infection. 

Experimental Acute Glo7ncrulitis, By Francis D, W. Lukens (by invitation) and 
Wareleld T. Longcope, Baltimore, Md. 

For many reasons it has seemed impossible heretofore to produce with any regu- 
larity a diffuse glomeruli tis in animals by the intravenous injection of bacterial 
toxins or bacteria. It was therefore decided to bring these substances, in concen- 
trated form, in more direct contact with the kidney. Filtrates from the growth of 
haemolytic streptococci, lysates of haemolytic streptococci and dead bodies of 
haemolytic streptococci were therefore injected directly into the left renal artery 
in rabbits. The animals were killed at different intervals after the operation. By 
this method it was possible to produce a unilateral inflammation of intense degree 
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which often involved every glomerulus, sometimes affected the interstitial tissues 
and usually resulted in acute degenerative lesions in the tubular epithelium. 

Experimental Sltidies on Lung Collapse in the Rabbit, By Robert G. BLoar, (by 
invitation) and Franklin C. McLean, Chicago, 111. 

These experiments were undertaken to study the mechanical intrathoracic 
effects of lung collapse, the influence on the pleural structure, and the changes in 
respiration. Seventy normal rabbits were treated over periods of five minutes 
to eleven months. 

The anatomical conditions in the human and the rabbit’s chest differ so widely 
that experimental results can be applied to the human chest only very cautiously. 

The average rabbit’s lung re-expands almost completely within twenty-four 
hours after a good collapse with atmospheric air. The periphery expands first. 
The intervals between filling could gradually be lengthened up to ten days. A 
marked non-inflammator>" thickening of tlie visceral pleura occurs. It is concluded 
that the absorption of air is directly proportional to the thickness of the pleura. 

The abdominal and thoracic respiration together with the intrapleural pressure 
were recorded during the procedure of collapse and afterwards. Even extreme 
collapse does not change the abdominal respiration materially, but increases the 
thoracic respiration about five times and strains the uncoUapsed lung to capacity. 
These results suggest that treatment by simultaneous bilateral pneumothorax 
as a clinical procedure should be looked upon with great reserve. 

Sympathetic Inhibition of the Large Intestine in Hirschsprung's Disease. By 
W. J. Merle Scott and J. J. ^^Iorton, Rochester, N.Y. 

A clinical and experimental study of sjTnpathetic inhibition in the large bowel 
is presented. In two cases of megalocolon the motor activity of the large bowel 
w^as tested by its ability to expel a barium enema. All nervous impulses coming 
from the lumbar and sacral segments of the spinal cord were then blocked off by 
novocaine. After the induction of this spinal anesthesia, most of the contents 
of the large bowel were expelled, showing a marked increase in the motor function. 
In one of these cases we have subsequently removed both lumbar sympathetic 
chains with striking improvement. Before operation this seven year old boy had 
never had a spontaneous bowel movement. Now his bowels move daily without 
assistance. It is also shown in cats tliat the dilated colon, the motor function of 
which is inhibited by sympathetic impulses (through exposure of Uie bowel), shows 
vigorous motor activity upon the induction of spinal anesthesia. 

These observations demonstrate that the motor anomaly in at least one type of 
megalocolon is dependent upon sympathetic inhibition of the large bowel. The 
effect of lumbar anesthesia on the motor function of the colon provides a test for 
this type of megalocolon and furnishes a prognosis as to the effect of lumbar 
sympathectomy in an individual case. 
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Tolal Eleclrolyte Studies and Hydrogen Ion Concentration in Normal and Abnormal 
Pregnancy. By John P. Peters and (by invitation) David M. Kydd, 
New Haven, Conn, 

The pH as determined gasometrically on the venous serum of 10 normal preg- 
nant women was found to lie in the same range as the pH of 8 normal persons. 
The reduction of bicarbonate content of about 8 volumes per cent was compensated 
by a fall of about 4 mm. in CO 2 tension. In eclampsia the pH was lowered at the 
time of the convulsion which is similar to what occurs in severe muscular exercise. 
Observations of pH in other toxemias were inconsistent except in cases of simple 
edema when they were normal. 

Total base in the toxemias is not markedly altered from the normal pregnant 
figure except in convulsions when it is higher than the ordinary level. Total 
serum proteins are reduced in normal pregnancy entirely at the expense of the 
albumin fraction, the globulin remaining at about the normal non-pregnant level. 
Edematous toxemias show serum protein figures below the normal pregnant level, 
but in the other toxemias there is little change in the serum proteins except in 
cases of dehydration where, as would be expected, they are elevated. 

In cases of vomiting of early pregnancy the serum chloride is not markedly 
altered and in the vomitus of two cases no free hydrochloric acid and equivalent 
amounts of base and chloride have been found. 

The changes in the acid-base equilibrium appear to be related not to the types of 
toxemias recognized in the usual classification but to the chief presenting symp- 
toms. 

The Dynamics of the Circulation in Patimts with Coarctation of the Aorta, By 
Herrman L. Blumgart, John S. Lawrence, and (by invitation) A. Carl- 
ton Ernstene, Boston, Mass. 

Although coarctation of the aorta has been diagnosed ante-mortem in almost 
eighty patients, no studies of the blood flow have hitherto been available. The 
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purpose of this communication is to present the clinical findings in two patients 
with coarctation of the aorta together with the oxygen capacity and content of 
the arterial and venous blood of the arms as compared to that of the legs, the pulse 
tracings of the carotid, brachial and femoral arteries, the blood pressure of the 
brachial, femoral and popliteal arteries, the arteriolar pressure in the upper and 
lower extremities, and the velocity of blood flow both above and below the coarc- 
tation of the aorta as measured by the radium active deposit method. 

As in practically ail cases of this kind, the arterial pressure above the coarctation 
was at a hypertensive level w'hereas the arterial blood pressure in the legs was much 
lower. The results of the blood gas measurements are shown in the accompanying 
table (table 1). These results and the measurements of the velocity of blood flow 
demonstrate that while the blood flow of the legs is diminished it is within normal 
limits. Our studies indicate that the arterial tension above the site of the coarcta- 
tion is elevated to a degree sufficient to maintain an adequate blood flow in the 
areas below the constriction. The elevation of arterial pressure in essential 
hypertension may well have a similar physiologic significance. 

The Order of Exciialioft of the Vetiiricles in Bundle Branch Block, By' A. G. 
MacLeod (by invitation), Frank N. Wilson and Paul S. Barker (by 
invitation), Ann Arbor, Mich. 

In experiments still in progress, it has been found that semi-intrinsic or intrm- 
sicoid deflections may be obtained from the ventricles of the dog when the heart is 
covered by a pad of gauze, 1.5 to 2 cm. thick, soaked in normal saline solution. 
Compared with true intrinsic deflections, these deflections are smaller in amplitude 
and less steep when the recording instrument is used at the same sensitivity, 
Intrinsicoid deflections can also be obtained from the ventricular cavities by a 
blood contact. In the case of the auricles, intrinsicoid deflections cannot be 
obtained either through gauze of the thickness mentioned or from the auricular 
cavities. It is found that true intrinsic deflections from these chambers are rap- 
idly degraded by increasing the size of the exploring electrode. 

The difference between auricles and ventricles is due, so it is suggested, to the 
^ difference in the manner in which the excitation process spreads over the ventricu- 
lar as compared to the auricular muscle. 

When right bundle branch block is produced in dogs the intrinsicoid deflections 
obtained over the right ventricle are late; those obtained over the left ventricle 
are early. In left branch block the reverse is the case. 

In man intrinsicoid deflections can be obtained by placing the exploring electrode 
upon the precordium. The observations carried out thus far on patients with bun- 
dle branch block indicate that in what is at present called right bundle branch block 
the right ventricle is activated in advance of the left thereby supporting the view 
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expressed by Barker, Macleod, Alexander, and Wilson^ that the electrocardiograms 
at present attributed to right branch block are the result of left branch block. 

Comparative Sensitivity to Oxygen-Want and to Sodium Lactate of the Hearts of 
Normal and Thyroxinized Animals. By E. Cowles Andrus, and (by invita- 
tion) Donald McEachern, William A Perlzweig, and Sarah Herman, 
Baltimore, Md. 

The auricles of two rabbits were suspended side by side in a Dale bath. To one 
animal thyroxin had been administered in graduated doses over a period of two 
weeks. 

The authors have confirmed the observation of J. K. Lewis, that the spontaneous 
rhythm of the thyroxinized heart persists after isolation at a rate conspicuously 
more rapid than that of the normal. They have further shown: 

1. That the auricles of the thyroxinized animals are far more sensitive to the 
withdrawal of oxygen than the normal. 

2. That their amplitude of contraction is depressed by doses of sodium lactate 
which produce a little or no effect upon the normal auricles. 

3. That recovery from the above takes place more rapidly in the normal than 
in the thryoxinized auricles. 

The authors regard these results as indirect evidence of an accumulation of lactic 
acid in the heart of the thyroxinized rabbit. 

More direct evidence has been obtained by determinations of the lactic acid, 
glucose and glycogen content of the ventricles of normal and thyroxinized rabbits. 
The average values are recorded below: 



Lactic acid 

Glucose 

Glycogen 

Normal (7 experiments) 

m^m, per cent* 

34.0 
! 59.3 

mgtn. per cent* 

164 

188 

fngm. per cent* 

314 

116 

Thyroxinized (7 experiments) 



* Percentage net weight. 


These indicate that, in these experiments, thyroxin has brought about an 
accumulation of lactic acid and a depletion of the glycogen content in the myo- 
cardium. 

Observations cojicerning Cerebral Circulation in Man, By Wm. G. Lennox and 
(by invitation) Erna Leonhardt and Adelaide Buist, Boston, Mass. 

In more than 100 instances we have measured the gaseous content of blood from 
the internal jugular vein, and compared it with that of blood drawn from other 
more superficial vessels. We found that though there was a wide scattering in 

^ Barker, Macleod, Alexander, and Wilson; Trans Assoc. Am. Phys., 1929, xliv, 
125. 
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individual patients, the average measurements showed that blood leaving the 
brain was more reduced than blood leaving an extremity. 

Calculated respiratory quo dents were 0.95 for the brain, 0.82 for the arm and 0.78 
for the leg. 

When patients breathed pure ox>^gen, the increase in the oxygen saturadon of 
the blood in the femoral vein was greater than the increase in the internal Jugular 
vein. When a mixture of carbon dioxide and oxygen was breathed the reverse 
was true. The blood of the femoral vein was not changed, whereas that from the 
internal jugular became much more like arterial. These correspond with observa- 
tions by Wolff and Lennox on the response of pial vessels of the cat to similar 
stimuli. 

These observations suggest either a slow blood flow or high metabolic rate of 
the brain, or both; that the respiratory quo dent of the brain is higher than that of 
skin and muscles; and that the intracranial vessels may react to chemical stimulus 
in a different maner from vessels in the extremities. 

The Circulatory Mechanism and Unilateral Edema in Cerebral Hemiplesia* By 
Soma Weiss and (by invitation) , Laurence B . Ellis, Boston, Mass. 

Clinical observations frequently reveal vasomotor changes over the parab’zed 
side in cases of hemiplegia resulting from cerebral vascular lesions. Unilateral 
edema, usually localized over the upper portion of the body, is often one of the 
manifestations of alteration in the circulation of such patients with hemiplegia. 
No extensive study has been made heretofore, however, of the nature and extent 
of functional alterations in the circulation in the affected part of the body, and no 
adequate explanation has been offered of the mechanism by which this form of 
edema is produced. 

This communication reports studies of the mechanism of the circuladon and 
the formation of unilateral edema in patients suffering from hemiplegia. The 
observadons indicate that the surface temperature of the body is increased 
over the paralyzed side of the body, particularly over the upper extremity. The 
difference between the oxygen content of the cubital artery and vein is alwa 5 ^s less 
over the paralyzed side of the body than over the normal side. A similar diver- 
gence from the normal in 03c>^gen difference between the femoral arteries and veins 
is observed to a lesser degree and more infrequently. Microscopic observations 
of the capillaries of the fingers of the paralyzed side reveal brighter and slightly 
more prominent skin capillaries, in which the velocity of the blood flow is increased, 
as compared with the normal side. The arterial pressure of the brachial arteries 
and the venous pressure in the cubital veins are essentially alike on both sides. 
The cardiac output in hemiplegia is either normal or slightly below normal. 
Decrease in the basal metabolism rarely occurs. Circulatory changes may appear 
immediately after onset of the cerebral accident and last for years. These changes 
are not necessarily related to the tone of the musculature or to the degree of the 
paralysis. They occur in the presence both of normal and of elevated blood pres- 
sure, The most marked unilateral edema develops in patients with previous myo- 
cardial failure. 
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It is concluded that in cerebral hemiplegia, following disturbance of the central 
vasomotor regulation, a dilatation of the arteriolar system of the upper part of the 
body occurs. The diffuse arteriolar dilatation leads to increased blood flow and 
increased capillary pressure over the paralyzed side. This increased capillary 
pressure may lead, especially in association with poor cardiac function, to increased 
rate of filtration of fluids to the tissue and hence to edema. The functional state 
of the vessels in the affected side of patients wdth hemiplegia represents a burden 
on the circulation which, in the absence of increased cardiac output, is chiefly 
carried by the normal part of the body. The circulatory changes observed in cases 
of hemiplegia with marked unilateral edema may have a bearing on the mechanism 
of the circulation and the formation of edema in congestive heart failure. 

A number of nervous, chemical and mechanical responses of the minute ves- 
sels of various parts of the body indicate that the vasomotor response and sensitiv- 
ity of the minute vessels is greater in the upper than in the lower part of the body. 
This difference in the response of the vessels at various body levels explains the 
more marked changes in the circulation and the appearance of edema in the upper 
extremitiy. The fact that the resistance of the minute vessels increases progres- 
sively toward the feet is of special teleological and physiological significance in 
man, whose body is disproportionately high in relation to its size. 

The Dlfferentiaiioyi and Significance of Certain Ophthalmoscopic Pictures in Hyper- 
tensive Diseases, By Arthur M. Fishberg, (by invitation) and B . S. Oppen- 
HEiMER, New York, N. Y. 

The ophthalmoscopic findings in 280 cases of hypertensive and renal diseases 
were analyzed in relation to the clinical picture and to the findings at necropsy in 42 
of the cases. It was concluded that the traditional unitary conception of ^'albu- 
minuric retinitis” really includes three pathogenetic entities, the differentiation of 
which is of diagnostic and therapeutic importance: 

1. The arteriosclerotic retinopathy. 

2. Malignant hypertensive neuro-retinitis. 

3. Choked disk due to edema of the brain. 

The ophthalmoscopic pictures of these types of retinal change are described and 
their occurrence in the individual renal and hypertensive diseases investigated. 

In each of the 11 cases of essential hypertension with malignant hypertensive 
neuro-retinitis that came to necropsy, necrosis of the arterioles of the kidney was 
present. No instance of essential hypertension with necrosis of the renal arterioles 
was encountered in which this retinal picture had not been present. However, 
the same type of retinal change also occurred in glomerulo-nephritis and in a case 
of suprarenal tumor with hypertension. 

The arteriosclerotic retinopathy was found most often in essential hypertension 
but was also present in chronic glomerulo-nephritis as well as in one case of amyloid 
contracted kidney. 

The process of healing of malignant hypertensive retinitis was followed in one 
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Effect of Liberal Carbohydrate Diet upon the Blood Fats in Diabcles, By H. Rawle 
GeyeliN; New York, N. Y, 

A selected group of fifteen children carefully studied for one to five years prior 
to the discovery of insulin who have been on a normal diet with insulin ever since, 
are compared with a group who have been on more of an old fashioned type of dia- 
betic diet and where the blood cholesterol has remained high. We contrast this 
group with the normal diet group as regards blood fat, cholesterol and sugar and 
the effect of high carbohydrate upon reducing the blood fat and blood cholesterol 
in serial determinations after meals and over longer periods of time. The 
comparative effects of high carbohydrate, low fat diets with the conventional diet 
upon weight and growth are noted. 

The Whole Blood Iron i?t Nor7nal and Atjemic Individuals. By William P. Mur- 
phy, and (by invitation) John Powers and Ralph Lynch, Boston, Mass. 

In an effort to utilize a more accurate means of following the effect of various 
types of treatment on the blood of anemic patients other than those with pernicious 
anemia, a method has been employed for determining the whole blood iron. In 
addition to the use of this method in following the cases under treatment with va- 
rious means such as iron in the form of ferrous carbonate, liver, or liver extract and 
various combinations of these substances, whole blood iron determinations were 
made on a group of normal individuals in order to attempt to establish a normal 
whole blood iron figure and a means has been suggested through these determina- 
tions of distinguishing between the blood of patients with pernicious anemia and 
that in patients with so-called secondary anemia. 

Observations have also been made which may be made use of in determining 
the percentage of iron in hemoglobin and so rather accurately the actual hemo- 
globin content of the blood. 

A Study of Inorganic Sulphates hi Relation to the Acid~Basc Equilibrium in Renal 
Insufficiency and “Renal Acidosis” By E. G. Wakefield, (by invitation) 
and N. M. Keith, Rochester, Minn, 

In this work, data have been obtained concerning the concentration of various 
anions and cations in the blood serum of patients who had renal insufficiency and 
in a few who had “renal acidosis.*’ The fluctuation of the electrolyte content of the 
blood serum was less than 15 per cent of the total amount, although wide varia- 
tions in the concentration of individual ions were observed. In spite of a concen- 
tration of inorganic sulphate up to 16 millimolecular equivalents, there was still 
an undetermined deficit of acid. The fluctuation of the total base was greater 
than the maximal concentration of inorganic sulphates. There was no constant 
relationship between concentration of chlorides, phosphates, carbonates and 
sulphates. Concentrations of lactic acid were low in all the determinations, 
indicating that the under termined acid is not lactic acid. 



20 


PROCEEDINGS OE TWENTY-SECOND ANNUAL MEETING 


Creatinine Excretion in Abnormal States of Nutrition, By George Booth, H. B. 
McCluggage, (by invitation) and Frank A, Evans, Pittsburgh, Pa. 

The amount of creatinine excretion in obese patients is independent of their 
excess weight, and proportional to their ideal weight. During dietary reduction, 
the creatinine excreted is not changed. 

The amount of creatinine excretion in undernourished patients is less than that 
normal for them if of ideal weight. During dietary correction, the creatinine 
excretion increases. After attaining a certain level, it remains the same even if 
the weight continues to increase. 

Diphtheria as a Cause of Late Heart Block, By Stuyvesant Butler, (by invita- 
tion) and Samuel A, Levine, Boston, Mass. 

A study was made of all the cases at the Peter Bent Brigham Hospital and of 
those seen in consultation by one of us, of complete heart block that were not due to 
obvious conditions such as coronary thrombosis, fever, rheumatic infection, or 
digitalis. This limited the group to twenty cases. It was found that in one-half 
of these cases there was an antecedent history of diphtheria. W e have felt for some 
time that diphtheria was in some way related to subsequent complete heart block, 
because not infrequently comparatively young individuals have complete heart 
block, where there is no good cause and where even arterio-sclerosis is absent. 
Such young patients have given a past history of diphtheria. It is also known 
that diphtheria in the acute stages can involve the conduction apparatus and 
produce heart block. Our study lends further support to the view that diphtheria 
in childhood may be an etiological factor in the development of heart block in later 
years. 

Changes in Cardiac Action During Attacks of Angina Pectoris {Clinical a7id Experi- 
mental Observations), By Francis C. Wood, (by invitation) and Charles C. 
WOLEERTH, Philadelphia, Pa. 

Twenty-seven cases of angina pectoris were studied, by means of the electro- 
cardiograph, before, during and after attacks, in an attempt to determine whether 
there was evidence of some specific change in cardiac action during the attack. 
Six attacks were spontaneous, 21 were induced by prescribed exertion. As a basis 
for comparison, the effect of exercise on the electrocardiogram was studied in 160 
normals, 25 patients with non-anginal cardiovascular disease, 9 cases of angina in 
which exercise was not productive of an attack, and 2 patients with non-cardiac 
pain. 

Fourteen of the 27 cases of angina pectoris showed bizarre electrocardiographic 
changes during the attack, unlike anything seen in the non-anginal cases. Thir- 
teen showed no characteristic alterations during the pain. 

The types of electrocardiographic changes, their complete reversibility, and the 
rapidity of their onset and disappearance were compared with electrocardiograms 
of dogs with temporary coronary occlusion. A close parallelism was observed. 

Anoxemia of a section of a dog's myocardium due to coronary occlusion does 
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not always alter the electrocardiogram. Therefore, the absence of significant 
change in the human electrocardiogram daring an attack of angina pectoris cannot 
be used as evidence that no anoxemia of the myocardium occurred. 

The mortality has been overwhelmingly greater in the group with electrocardio- 
graphic changes during the attack than in the group without them. This might 
be considered as added evidence that the bizarre electrocardiograms observed 
during some anginal attacks are dependent upon an important and significant 
change in the condition of the heart. 

It is concluded, therefore, that the electrocardiograph gives evidence of some 
unusual change in cardiac action during a certain percentage of anginal attacks, 
and that the evidence is at least suggestive that this change is due to anoxemia of a 
section of the myocardium. 

The Application of Sekiitz' Law in Clinical Pepsin Determinations, By J. Harold 
Austin and (by invitation) George D. Gammon. 

The method of Bloomfield and Poltand for pepsin determination has been found 
useful. The data obtained with either pure pepsin solution or gastric juice con- 
forms approximately to SchUtz* law when from one-third to two- thirds of the total 
edcstin has been digested. This fact offers a means of calculating the data into 
terms of pepsin concentration which is in ourhands both more reliable and simpler 
than the method of calculation suggested by Bloomfield and Polland and appears 
to us to have a sounder theoretical basis. 

The Measurement of Sympathetic Vaso-constricior Activity in the Lower Exlranity. 
By J. J. Morton and W. J. Merle Scott, Rochester, N. Y. 

Vascular diseases in the lower extremity are dependent on two mechanisms; (1) 
organic occlusion, and (2) functional spasm. For the prognosis and treatment of 
such conditions it is important to determine the relative participation of these two 
elements. No entirely satisfactory method for this differentiation is available at 
present. The skin temperature is used as an index of the circulation to the part. ’ 

After spinal anesthesia an increase in the temperature of the foot up to 12®C. 
is at times found. The elevation of surface temperature is associated with a 
flushing of the skin, and is coincidental in time with the appearance of muscular 
paralysis. It is limited to that part of the body, the motor nerves to which are 
blocked by novocaine. In purely occlusive vascular disease and in one group of 
patients without obvious vascular abnormality (particularly cachectic individuals) 
there is no increase in the surface temperature. We propose the increase of surface 
temperature in the lower extremity following spinal anesthesia as a measure of the 
sympathetic vaso- cons trie tor activity at that point. 

A Study of Subcutaneous Nodules in Chronic Infections {Rheumatoid) Arthritis, 
By AI. H. Dawson, and R. H. Boots, (by invitation) and W. \V, Palmer, 
NewYork,N.Y. 

The occurrence of subcutaneous nodules in patients suffering from rheumatic 
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fever has long been recognized and has been the subject of intensive investigation 
for many years. Carey Coombs has stated that “of the principal phenomena of 
orthodox rheumatic infection — namely, carditis, polyarthritis, the subcutaneous 
node, and chorea— the subcutaneous node is the most rheumatic of all.” Swift 
and other investigators have, from time to time, expressed similar views. 

Considerably less attention, however, has been paid to subcutaneous nodules 
occurring in patients suffering from chronic infectious arthritis. During the past 
year such nodules have been observed in thirty-three patients in the Arthritic 
Clinic of the Presbyterian Hospital. Nodules have been removed from ten 
patients and subjected to pathological and bacteriological investigation. Ail the 
specimens examined have shown a distinctive and characteristic histological 
appearance. The various stages in the development of the lesion have been stud- 
ied and a remarkable resemblance to the nodules of rheumatic fever has been 
demonstrated. In fact the evidence suggests that the nodules in the two diseases 
represent different stages in essentially the same pathological process. 

The bacteriological investigations have been entirely without result. 

The relationship between rheumatic fever and chronic infectious arthritis has 
also been studied clinically in a group of 300 arthritic patients. The conclusions 
drawn from these studies also suggest that the two diseases are very closely related- 
and may represent different stages of the same inflammatory process. 

Uremic Stomatitis. By Philip S. Hench and (by invitation) Bert E. Hempstead, 
Rochester, Minn. 

Stomatitis associated with uremia is not described in the English literature, and 
has been described only three times heretofore, in two French reports and one 
South American. 

Four cases are reported from the Mayo Clinic, with clinical and pathological 
details. The possible causes of uremic stomatitis and the relation of the oral lesions 
to uremic ulceration of the intestines and skin are discussed. The various theories 
regarding uremic stomatitis in general are also discussed. 

Uremic stomatitis is a rare condition, but one which it is important for the 
clinician to recognize as it is of definite diagnostic and prognostic value. 

The Clinical Picture of Follicular Lymphoblastoma. By George Baehr, New 
York,N.Y. 

A distinctive variety of lymphosarcoma, characterized by the tendency to 
reproduce Ijmph foUicles of huge size in lymph nodes and spleen is described. 
The giant follicles consist of greatly enlarged germinal centers composed of lympho- 
blasts surrounded by a narrow zone of darker staining mature lymphocytes. They 
crowd one another so as to compress the intervening sinuses and pulp. The huge 
spleen, weighing in one case 1800 grams, is thickly studded with follicles the size 
of barley grains. 

The clinical picture is distinguished by the prolonged clinical course and relative 
benignity, the diffuse involvement of spleen and lymphatic apparatus throughout 
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the body, the tendency to thoracic and abdominal effusions, the frequency of unilat- 
eral exophthalmos due to involvement of the lachrymal gland or periorbital fat, the 
absence of cachexia or profound anaemia and the normal blood picture. 

The ultimate differential diagnosis is dependent upon microscopic examination 
of a lymp node removed by biopsy. Histologically, it is sometimes difficult to dis- 
tinguish from simple hyperplasia. In fact the first three cases were described in 
1925, in conjunction with Drs. Brill and Rosenthal, as Giant Lymph Follicle • 
Hyperplasia of Lymph Nodes and Spleen,” 

Aside from tlie distinctive clinical and pathological features, its clinical recogni- 
tion is important because of its remarkable roentgen sensitivity, the splenomegaly 
and enlarged lymph nodes promptly melting away under moderate x-ray therapy. 
There is always tendency, however, for the neoplasm to recur in distant parts of 
the body, though sometimes only after several years. , 

The chronicity of the disease under treatment is illustrated by three cases fol- 
lowed throughout most of their clinical course. One died nine years after the onset, 
another after five years, the third is still alive and apparently well after ten years. 
Death eventually occurs because the lymphatic enlargements become more resis- 
tant to treatment or because the neoplasm is located in sites not easily reached by 
the x-ray. 

Diabeles Melliiits attd Fmtictoiis Aytetnia. By Howard Root, Brookline, Mass. 

The occurrence of 12 cases of combined diabetes and pernicious anemia at the 
Deaconess Hospital during the last two years' led to a search of the literature and 
finding a total of 32 such cases. A striking feature of the series is that in nearly 
all cases where accurate histories were available the diabetes preceded the anemia 
in onset. The clinical features of the two diseases were characteristic, but in cer- 
tain instances the combination of diseases produced interesting findings. In one 
case the effect of fasting treatment and the development of diabetic acidosis was 
to cause a very rapid progress of the anemia and a decrease in the red cells from 
3.0 to 1.2 millions in 10 days. An apparent resistance to insulin during the height 
of the anemia was observed in another case. The rapid development of anemia 
in a diabetic with a septic leg illustrated the effect of sepsis and diabetes upon a mild 
and early case of pernicious anemia. A case with advanced symptoms of com- 
bined system disease made surprising functional improvement with a combination 
of dietary, insulin, iron and orthopedic treatment. 

In seeking a possible relationship, we determined the hemoglobin of the blood 
routinely and in patients witli diabetes of more than 5 years duration undergoing 
hospital treatment found a slight reduction in nearly all. The blood smears 
showed slight variations in the size and shape of red cells and abnormality of the 
platelets. Cases in this group, however, who had absence of free HCl in the gastric 
secretion had reduced red blood counts with much more marked change in the 
smears. Certain cases of the latter group, under treatment including the use of 
iron and liver for 2 or more years, have not had relapses or developed s>Tnptoms of 
anemia. The increasing duration of life both of diabetics and of cases of pernicious 
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anemia may result in greater frequency of this association merety because the 
mathematical chances of the association are thus increased, but the earlier onset 
of the diabetes, and the effect of diabetic treatment upon the anemia suggest that 
diabetes itself, especial!}' when achlorhydria is present may prepare the wav for 
pernicious anemia. 

Some Observations upon the Physiologic and Therapeutic Action of Glycocyaminc. 
By Ralph H. Major, Kansas Cit}’-, Kans. 

Glycocyamine is guanidine acetic acid and differs from creatine onl}’’ in the ab- 
sence of the methyl group. Creatine has no effect upon the blood pressure. Gly- 
cocj^amine has a marked depressor effect. 

Observations on capillaries and arterioles show a dilatation after injection 
of glycocyamine. Observations on the coronar}’- circulation show a verj" marked 
increase in coronary flow with a small dose. If the dose is increased to the 
point of producing a vexy sudden and intense fall in blood pressure, the coronarj’’ 
circulation is diminished. — The relationship of these observations to the course 
of treatment in arterial hypertension is commented upon. 

Appearance of Protective Antibodies following Intravenous Injection of Pneumococcus 
Vaccine in Lobar Pneumonia, By Alvan L. Barach, New York, N. Y. 

The intravenous injection of an antigenic filtrate of the pneumococcus resulted 
in the appearance of protective substance in the serum of nine patients, seven 
of whom had lobar pneumonia, on the sixth day and occasionally on the fifth day 
after injection. After the injection of the intact organism, protective substance 
appeared on the fourth, and at times on the third day after injection. The im- 
munity increases progressively for three days following injection. 'This applies to 
pneumococcus types I, II, and III, and has been produced during the febrile 
period of the disease. 

Clinical Significance of a Large Q W ave in Lead 3, By Harold E. B. Pardee, 
New York, N. Y. 

A large Q wave in the third lead has been observed in records from patients with 
the anginal syndrome. The frequency of occurrence in such cases is about 27 per 
cent. Similiar records are obtained from certain patients vnth rheumatic heart 
disease, especially those with pericarditis, from a few patients vdth myocardial 
fibrosis and congestive heart failure and a few with h\q)ertension ’^dthout the 
congestive anginal syndrome. A record with similar large Q waves in lead 3 was 
found only twice in two hundred and seventy-seven records from apparently nor- 
mal hearts. In addition to the Q wave of lead 3, these records show a clockwise 
rotation of the vectors of the QRS group. They usually show a left axis deviation 
of QRS and frequently there is an inversion of the T wave in lead 3 or in leads 2 and 
3. A discussion of the origin of these features leads to the conclusion that the 
large Q-3 is due to disease of the muscle of the left ventricle. It is observed, 
however, that a high position of the diaphragm may be a contributor}^ factor in the 
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production of this peculiarity, and that in the normal heart there may be a peculiar 
distribution of the branches of the auriculoventricular bundle. 

The Relationship between the Specific Gravity of the Urine and the Fwictional Stale 
of the Kidneys. By F. H. Lasumet, (by in\dtation) and L. H, NE^VBURG^, 
Ann Arbor, Mich. 

After the subject has been in bed for three days on a standard diet, all food and 
drink is omitted at 6;00 p.m. of the third day. Thereafter a standard waste in 
the presence of a limited supply of water is presented to the kidneys for excretion. 
Normal subjects, eighteen hours later void urine whose specific gravity is 1 ,025 or 
more. Nephritic subjects, under the same conditions, have a specific gravity as 
low as 1 .005. Correction for temperature is avoided by the use of a p 3 'knometer. 

Albumin raises the specific gravity in proportion to its concentration. For ex« 
ample, the specific gravity of the concentrated urine of a nephritic subject was 
1.021 before the correction for albumin but only 1.010 after correction. The urine 
contained 2.5 percent protein. 

If the specific gravity, the blood N.P.N. and phenosulphonephthalein test are 
compared, it is found that in a group of eighty-six cases with evidence of kidney 
damage, the blood N.P.N. was normal in 79 per cent", the phthalcin test was 
normal in 30 per cent; but only 10 per cent concentrated the urine specific gravity 
to 1.025 or above. 

We conclude that when the specific gravity of the urine is obtained under the 
above conditions, it is a much more accurate test of the functional state of the kid- 
neys than the phthalein test or blood N.P.N. and that a roughly quantitative idea 
of the amount of incapacity may be obtained in this simple way. 

Studies on the Colloid Chemistry and Uliramicroscopic Phenomena in Antisepsis and 
Chemotherapy. By ARraUR D. HiRSaiFELDER and (by invitation) Harold 
N. Wright, Minneapolis, hlinn. 

In order to discover, if possible, some of the general principles underljdng the 
phenomena of antisepsis and chemotherapy, we have studied the colloid chemical 
aspects. We have found that mercurochrome and acriflavine are semi-colloids. 
The triphenyl-methane dyes are crj'stalloid, and their fixation by egg albumin, 
as shown by dialysis experiments, follows the logarithmic curve, which indicates 
adsorption rather than chemical combination. The fraction absorbed on egg 
albumin retains some antiseptic action. 

The acquired drug fastness toward trypanosomes produced by Browming and 
Schnitzer with triphenyl -methane dyes against acriflavine, and vice versa, can be 
duplicated on yeasts in vitro. We believe that this is a surface reaction. 

Under the ultramicroscope, particles of lyophillic colloids, like egg albumin, 
look like soap bubbles; lyophobic colloids look like bright stars and comets. Addi- 
tion of various antiseptics to egg albumin converts the picture into star and comet 
appearance like that of a lyophobic colloid. Plasma proteins are better protected 
but these drugs produce similar, though less marked changes, in vitro and in vivo. 
Mercurochrome intravenously is fixed by plasma colloids and alters them visibly. 
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These studies throw some light on toxic reactions of drugs and other pathological 
phenomena. We propose to investigate these questions. 

Ohservatimis on the Intelligence Quotient from the Physician^ s Viewpoint, By H. 
Gray, San Francisco, Calif. 

Behavior problems and physical diseases in children are less often associated 
in the physician’s mind than they might be. Though no neurological residuals are 
apparent, there occur at times changes in the brain which the medical man might 
detect by turning to the intelligence tests in use by psychologists and psychiatrists. 
In the Institute for Juvenile Research in Chicago, to which are referred children 
with behavior problems, a search was made for medical diagnoses. 

Encephalitis was found in 89 patients with an average IQ of 90.6, which (com- 
pared with the average of 90.3 for 2815 cases of all diagnoses) was not significant. 
If however we consider of this group only those who had mental deterioration, 
by taking as demarcating line a twelve point drop in IQ, we find 24 cases, and on 
examining their records for possible medical cause we find three with a history of 
encephalitis, namely 12 per cent. It is accordingly suggested that a physician 
who has the care of a child with encephalitis inquire whether an IQ has been deter- 
mined prior to the illness and if so that he secure a repetition after apparent recov- 
ery. 

Syphilis was found in 156 children, with an average IQ of 87.8 which (again 
compared with the average for aU diagnoses as stated above) is significantly low. 

Delinquency problems are said not to occur in children with IQ’s above 130. 
In this material however 35 such cases are present. Whence it may be urged that 
children of intelligence must not be considered immune to behavior difiiculties. 

The physician is sometimes called upon to advise with the school principal 
as to whether a given child should be pushed up a class or held back. Intelli- 
gence quotients are more rapidly obtained, and more standard as between schools, 
than teachers’ marks. Further it is not sufficiently known that children in private 
schools show distinctly different IQ’s from children in public schools, on whom the 
current standards have been based. In a private school the IQ on 179 children 
aged 5 to 19 years averaged 114, namely 14 per cent higher than the usual norm of 
100 , 

The Mechanism of the Epigastric Distress Associated with Extragastric Lesion. By 
Fred M. Smith, and (by invitation) Wm. D. Paul, and W. M. Fowler, 
Iowa City, Iowa. 

The epigastric distress under consideration is usually localized to the right, 
and slightly above the mnbilicus, and frequently appears from 1 to 3 hours after 
meals. It is characterized as a feeling of fullness, heaviness, burning, or a gnawing 
sensation. The site of the distress on fluoroscopic examination, corresponded with 
the pyloric portion of the stomach and shifts with the change in the position of this 
region. The association of this distress, with discomfort elsewhere in the abdomen, 
suggests a reflex stimulation of the stomach. In a former investigation, a reflex 
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Stimulation of the stomach from gallbladder, appendix and colon was demonstrated 
in the dog. A consideration of this possibility in man was then investigated. 
Patients with a spastic colon and a recurring epigastric distress were 6rst selected 
for study. A balloon was introduced in the pyloric portion of the stomach and 
connected with a kymograph. After a control record of the gastric activity had 
been obtained, the colon was distended with air through a rectal tube. There was 
at once a striking increase in tone and peristaltic action of the stomach, and the 
appearance of the typical epigastric distress. The pain corresponded with change 
in tone or the passage of a peristaltic wave over the pyloric portion of the stomach. 
This induced alteration in the stomach, and the distress promptly subsided after 
deflation of the colon, or was abolished by atropin. In a patient with chronic 
appendicitis, similar changes in the stomach, and the t3T)ical epigastric distress was 
induced by massage over the ileocaecal region. This patient was fluoroscoped 
during the palpation of the appendix region and a striking increase in tone and peri- 
staltic action of the stomach and the appearance of a marked prepyloric spasm was 
observed and recorded on films. The epigastric distress was experienced during 
the massage over the appendix, and corresponded with the site of the prepyloric 
spasm. Similar roentgenological observations were made on patients with an irri- 
table colon. The type of epigastric distress studied is gastric in origin. It is 
produced by an increase in tone and peristaltic action of the stomach, which is in- 
duced by a reflex stimulation from the colon and appendix. 

Hemodynamic Studies in a Case of Concrctio Cordis. By C. Sidney Bue\vell and 
(by invitation) W. D. Strayhorn, Jr., Nashville, Tenn, 

The patient exhibited signs of obstruction to the flow of blood into the right 
heart. He had ascites, pleural transudates, peripheral edema, an enlarged liver, 
distended veins, and a paradoxical pulse. The heart was small, fixed in position and 
showed no pulsation when observed with the fluoroscope nor any change in electrical 
axis with shift of position. The sounds were feeble, the pulse small. The lungs 
exhibited no rales, and the arterial blood was 98 per cent saturated with oxj'gen. 
The absence of pulmonary congestion made feasible the measurement of the cardiac 
output by the acetylene method of Grollman. The venous pressure was measured 
by the method of Moritz and Tabora. * 

Under standard “basal” conditions the following observations were made: low 
pulse pressure (94/82 mm. Hg), rapid pulse (104-110), low cardiac output per 
minute (1.98-2.72 liters), very low output per beat (18-26 cc.), high ox>'gen utili- 
zation (9.0-11.8 volumes per cent, 53-70 per cent utilization), and venous pressure 
of 240 mm. HjO. The venous pressure rose rapidly with the slightest muscular 
exertion. 

When the oxygen consumption per minute was doubled by exercise the follow- 
ing observations were made: 

Tkc pulse pressure and output per beat were unchanged, the pulse rate rose to 144, 
the cardiac output increased only in proportion to the rate, the oxygen utilization 
rose to 13.0 volumes per cent (77 per cent utilization), the venous distension was 
obviously greater, and the patient was clearly cyanotic. 
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After digitalis (1.6 grams) the pulse rate fell to 90, the cardiac output per 
minute fell in proportion, the output per beat remained unchanged, and the patient 
felt less comfortable. 

Operation was followed in 12 hours by sudden death. Autopsy revealed a 
small heart with atrophy of the ventricular myocardium, the whole surrounded by 
a dense capsule of fibrous tissue which was not adherent to the chest wall but which 
must have effectually prevented adequate diastolic relaxation. 

The symptoms were due to back pressure rather than to diminished volume 
flow because stasis occurred only in the systemic circulation. The peripheral signs 
were those of heart failure, the signs in the heart itself were in general the precise 
opposite of those observed in characteristic congestive heart failure. These obser- 
vations thus have important bearing on the problem of the mechanism of heart 
failure. 

An Undescribed Cardiac Mechanism: ^^Intraventricular Block' ^ with Short P-R 
Interval in Healthy Young People Prone to Paroxysmal Tachycardia, By 
Louis Wolif, John Parkinson (by invitation) and Paul D, White, Boston, 
Mass. 

Eleven cases are here reported of an unusual cardiac mechanism, heretofore 
undescribed as such, consisting of functional bundle branch block and abnormally 
short P-R interval, occurring mostly in otherwise healthy young people with 
paroxysms of tachycardia or of auricular fibrillation. 

Spontaneusly, or following release of vagal tone by exercise or atropinization, 
the ventricular complexes revert to the normal physiological form, and the P-R 
interval lengthens (normal) . 

Vagal influences seem to be largely responsible for the mechanism described. 
A paradoxical effect of vagal stimulation on the P-R interval has been observed. 

From a study of the cases presented it is concluded that: 

a. Aberrant ventricular complexes of the type generally recognized as indicating 
bimdle branch block may occur in healthy people with normal hearts. 

h. Vagal stimulation is capable of altering markedly the form of the ventricular 
complex, and may be responsible for the occurrence of complete bundle branch 
block curves in apparently normal hearts at normal rates of beating. 

c. Vagal stimulation may shorten markedly the P-R interval without the 
production of A-V nodal rhythm, and without dislocating the auricular pacemaker. 

d. In the group of cases reported paroxysmal tachycardia and auricular fibrilla- 
tion are obviously associated with the nervous control of the heart. 

Reactions After Administration of Crystalline Insulin, By W. R. Campbell and 
(by invitation) W. J. Gardiner, and D. A. Scott, Toronto, Can. 

Crystalline insulin was administered in sufficient amounts to patients to induce a 
lowering of blood sugar. The s>Tnptomatology was studied in relation to the level 
of the blood sugar. As was previously observed, the level at which symptoms 
appears is about 0.070 per cent. Patients not reaching this level were without 



AMERICAN SOCIETY FOR CLINICAL INVESTIGATION 


29 


symptoms. In some instances at thb level symptoms were slight and would 
probably have been overlooked by the patient. No patients reaching hj’pogly- 
caeraic levels failed to report s3Tnploms and these were more marked with the 
lower blood sugar levels. In comparison with the crude insulin of 1922 and even 
the present commercial insulin, reactions are less marked with the cr3'staUine prod- 
uct. No constant effect was noted on the pulse rate or blood pressure; in most 
cases the values :^emained unchanged. 

Certain patients present initially or develop after a short period of treatment 
local sensitization phenomena at the site of the injection of insulin. IMien of 
minor degree, the patient desensitizes himself. When more severe, it is necessary' 
to change the source of the insulin. One patient, however, shows marked sensi- 
tivity to beef, hog, sheep, fish and human insulin obtained from different sources. 
He is also sensitive to cr>'stalline insulin though the reaction is less intense. The 
sensitivity can be locally communicated to other indmduals by passive transfer. 
He has now developed local desensitization on a part of one thigh for ci^'stalline 
insulin only. Other patients are sensiti%"e to insufin from two or more species and 
also to cr>*stal\ine insulin several times recri’stallized but the sensitivitj* in all cases 
is less marked to cr^'stalline insulin than to other commercial insulins. Inasmuch 
as the patients are not sensitized to beef muscle, hog muscle, etc., there is probably 
a sensitization to organ protein as well as to the insulin protein. 

Local Jinnmmty in Areas of Skin Hypcrscnsithencss, By Franklin AI, Hanger, 
Jr., New York, N. Y. 

Rabbits recovering from a skin infection of B, lepisepticuin are highlj’ immune 
to re-infection by these organisms. The serum of such animals will protect a 
local area of skin of a non-immune animal when injected either previously or 
simultaneously with an emulsion of \drulent B. Jcplseplicum. 

We have been interested in studying the effect of local h3'persensitive reactions 
to heterologous proteins on the efficac\' of this immune mechanism. 

Immune and non-immune rabbits were sensitized to egg albumen by repeated 
subcutaneous injections. .After several weeks, skin sensiti\dty to egg developed as 
manifested by the usual raised, red, oedematous areas at the site of intradermal 
injection of 0.1 cc. of egg albumen twentj'-four hours pre\nously. 

When a thin suspension of B, hpisepticum is injected into these areas the 
infection spreads rapidly throughout the entire wheal in contrast to the much 
smaller lesion in control normal skin. Even in immune animals with highly pro- 
tective serum a spread of infection is oh5er\*ed when the local reaction to egg is 
intense. 

'VMien wheals are produced by injecting egg and immune serum simultaneously, 
infection spreads unchecked. However in non sensitized animals, areas of skin 
receiving an identical egg-immune serum mixture show complete protection. It is 
suggested that the serological factors of immunity may be greatly altered by local 
cellular conditioning. 
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Fluorescence of the Skin as a Protective Mechanism in Pellagra, By Roy H. 
Turner, New Orleans, La. 

Sunshine is generally admitted to be the most important precipitating cause 
of the dermatitis of pellagra. The ultraviolet portion of the spectrum has recently 
been shown to be the most injurious. The observations to be reported were under- 
taken in an effort to explain instances of apparent immunity in pellagrins to injury 
by sunshine. The face, though the most exposed to light, is rarely injured and 
then only mildly. Skins with thick, horny layers seem protected, Castle has 
shown that keratin and sebum are fluorescent. This quality makes them protec- 
tive against ultraviolet light, since these rays are changed to visible.rays in passing 
through fluorescent substances. 

A series of normal persons and pellagrins have been examined in a dark room 
by ultraviolet light. Normally the most fluorescent areas are the palms, soles 
and face, which are areas remarkably free from the dermatitis of pellagra. Early 
skin lesions of pellagra were non-fluorescent, while the later lesions with roughened 
skins were highly fluorescent. Lesions at this stage have been shown very resist- 
ant to light. Experiments to show that sebum and keratin are the fluorescent 
substances will be reported. 

The Effect of Ergotamine on the Response to Adrefialvi in Normal Ewnan Subjects 
under Basal Conditio)! s. By John B. Youmans and (by invitation) W. H. 
Trimble, Nashville, Tenn. 

Our previous studies have shown that under basal conditions ergotamine, in 
doses of 0.5 mgm. subcutaneously, has no significant effect on the metabolic rate 
or blood sugar level of normal human subjects but causes a small drop in pulse rate 
and a slight rise in blood pressure. In the present study we have found that under 
similar conditions ergotamine tends to diminish or delay the increase in metabolic 
rate and blood sugar which results from the injection 0.5 to 1 mgm. of adrenalin, 
Ergotamine had little or no effect upon the increase in heart rate caused by adre- 
nalin but augmented slightly the blood pressure raising effect of the latter. 

T he Response of Blood Platelets to the A dministraton of ViosteroL By L. D . Thomp- 
son (by invitation) and D. P. Barr, St. Louis, Mo. 

An increase in the number of platelets following exposure of experimental ani- 
mals to sunlight or ultraviolet light has been noted by a number of investigators 
(Cramer and Drew, Laurens, Sooy and Sanford). Other observers have noted 
changes in coagulation time following the administration of cod liver oil (Brougher) 
and viosterol (Setye) but have made no note of increase of platelets, Phillips 
and Robertson of Washington University reported an increase in platelet count in 
the rat following administra tion of viosterol. Our study was undertaken to deter- 
mine the effect of viosterol upon the platelet count of man under normal condi- 
tions and the presence of certain diseases. 

A single oral dose of viosterol causes a slight rise in platelet count in twelve 
to twenty-four hours which is followed by a fall to approximately normal and a 
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secondary rise reaching a maximum on the fourth to fifth day. The maximum 
count varies from 600,000 to 900,000. The decline is sharp and the number of 
platelets reaches normal limits by the sixth to eighth day. The response to single 
doses of 7, 15 and 22 minims is essentially the same. A similar response can be ob- 
tained a second time in a given individual after an interval of fourteen days. The 
response to daily doses of 10 minims differs from that following the single dose. 
Both the rise and decline in the number of platelets are more gradual but the max- 
imum is reached at about the same time, namely five to seven days. On the 
ninth to eleventh day the count is within normal limits and continues so for at least 
three weeks except for irregular, transient increases of 100,000 to 200,000. The 
bleeding time and coagulation time are decreased coincident with the increase in 
platelet count. 

In splenectomized individuals, the spleen having been removed 18 months to 6 
years previously, the response to viosterol is exaggerated. After the administra- 
tion of a single dose, the rise in platelets is sharp and continuous and reaches a 
maximum of 1,400,000 to 1,600,000. The decline is also more rapid than normal. 

In hemophilia, an approximately normal response to daily doses has been seen. 
Even in the presence of 800,000 platelets, however, there has been no change in 
symptoms, bleeding has continued and the red blood cell count has readily fallen. 

In thrombocytopenic purpura, the platelet count, the coagulation time and clot 
retraction may be held within normal limits by viosterol but showers of purpuric 
spots and hemorrhages from mucous membranes have‘continued. 

Studies have been made and are being continued on a variety of blood dyscrasias. 
The presence of jaundice does not prevent the normal platelet response to viosterol. 
In aplastic anemia, the platelets may rise above normal at a time wheh the number 
of red and white blood cells is rapidly falling. , 

The Effect of Sodium Salicylate 07i Iniradcrmal Reactions oj Rabbits, By O, E. 

Hagebush, (by invitation) andR. A. Kinsella, St. Louis, Mo. 

Sodium salicylate is commonly used in the treatment of infections, especially 
those presumed to be due to invasion by streptococcus. The old idea that acute 
rheumatic fever is due to infection by streptococcus, and the recently developed 
conception that the disease is involved in a process of allergy to streptococcus, 
stimulate a study of sodium salicylate in relation to allergy to streptococcus. 

In this study rabbits w^ere inoculated with cultures of a strain of Streptococcus 
hemoly liens of low virulence. The injections were made into one of the knee 
joints, 0,1 cc. of broth culture being used. 

For intradermal tests, 0.1 cc. of filtrate from a 5-day culture in Harley’s medium 
was used. Areas near the spine were used for inoculation. 

All animals were tested for native reactivity to the filtrate before being employed 
in the experiments. Fresh animals giving positive dermal reactions were dis- 
carded. 

In the use of sodium salicylate, 0.2 gram per kilo in 5 per cent aqueous solution 
was given intravenously. The injections were made more slowly and given daily. 
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Preliminar>^ studies showed that following the intra-articular injection of strep- 
tococci, purulent arthritis invariably resulted and persisted until the death of the 
animal. Blood cultures were rarely positive during the life of the animal unless 
an intercurrent disease such as '^snuffles'^ intervened. When this occurred, 
hemolytic streptococci were found in the blood at autopsy. Ten days after arthri- 
tis was established, positive intradennal reactions were always present. 

The conditions of the experiment were severe due to the nature of the infection 
and the death rate was high in all series. This did not seem to be considerably 
influenced by the use of sodium salicylate. 

In the first series of animals 15 controls gave strongly positive intradennal reac- 
tions^lO days after the production of arthritis, and 8 animals, given sodium sali- 
cylate 24 hours before the production of arthritis and at 24 hour intervals there-^ 
after, showed slight or no intradennal response. 

At this point the results of studies made by Grifiin of the reciprocally antagonis- 
tic action of benzoic acid and glycin on the growth of white rats, were considered. 
According to this author the deleterious effect of benzoic acid on the growth of young 
white rats was removed by adding glycin to the diet. The amount of glycin used 
was 0.47 gram per kilo, in 4 per cent aqueous solution. 

Groups of rabbits were therefore selected, of which one was composed of controls, 
one of animals receiving sodium salicylate intravenously, one of animals receiving 
glycin intravenously and one of animals receiving sodium salicylate and glycin 
freshly mixed in proper solutions. In this experiment, 16 control animals gave 
strongly positive reactions; 28 animals receiving sodium salicylate, gave slight or 
no reactions; 4 animals receiving glycin alone gave strongly positive reactions; 
and 16 animals receiving mixtures of glycin and sodium salicylate, gave strongly 
positive reactions. < 

This effective suppression of so-called allergic reactions by sodium salicylate 
depends on factors as 3 ^et unknown. There is no reason to ascribe this effect to a 
general depressive action inasmuch as rabbits did not lose weight or appear less 
healthy while receiving sodium salicylate over a period of 10 days than did con- 
trols. 

Since the dermal reaction is not heightened by the use of glycin alone, the dermal 
responses obtained in animals treated with sodium salicylate and glycin combined, 
must be present because gb^'cin neutralizes sodium salicylate in vivo. 

The nature of the dermal reaction itself remains obscure. Whatever the 
mechanism by which sodium salicylate suppresses the derma’ reaction, this 
mechanism does not effect the nature of the vascular pathology found in these 
animals. The late proliferative vascular lesions were the same in the various 
series. 

Wffien sodium salicjdate was discontinued the dermal reactions tended to re- 
turn, but after 20 days in 7 animals, only a slightly positive reaction was present, 
while after 50 days only a moderate reaction was present in 4 surviving, animals. 

sodium salici-late was administered to 4 animals which had well developed 
dermal reactions the effect was a gradual suppression of the dermal reaction. 



AMERICAN SOCIETY EOR CLINICAL INVESTIGATION 


35 


The experiments thus indicate that salicylates would be more effective in pre- 
venting the development of an allergic state following a primary infection than 
in removing allergy after the primary infection has fully developed. 

If acute rheumatic fever is a disease in which the process of allergy is involved 
then derivatives of salicylic acid might conceivably be beneficial by interfering 
with this process of allergy. That this interference is of too little importance to 
modify the vascular pathology is apparent. By implication the overlying process 
of allergy is unimpoTtant and the underlying focus of infection, at present reputed 
to be of streptococcal origin, is very important. In turn, the results of cultures of 
blood and joints become of great importance — a state of the question now many 
years old. 

From these considerations it seems possible to draw the following conclusions: 

1. Sodium salicylate suppresses the allergic dermal reactions of rabbits to fil- 
trates of hemolytic streptococcus. This effect is most definite when sodium sali- 
cylate is given before the focus of infection has developed. 

2. There is no relation between the presence or absence of this dermal reactivity 
and thecharacter of thevascularpathology. 




THE ASSOCIATION OF RENAL AND GASTRIC DISORDERS 
WITH CONSTANCY OF THE URINARY REACTION 

Bv ROGER S. HUBBARD 

(From the Laioratmes of the Clifton Sf rings Sanitarium and Clinic, Clifton Springs, 
^ew York) 

(Received for publication January 23, 1930) 

It has been said that determinations of the alkaline tide in urine are 
of value in the study of two entirely distinct clinical conditions. One 
of these is associated mth diseases of the stomach. Bence-Jones 
(1, 2) who seems to have been the first to describe diurnal variations in 
the acidity of urine, believed that they were associated with the secre- 
tion of acid into the stomach. Many physiologists have held similar 
views, (3, 4) and a number of different workers have suggested that an 
absence of changes in the reaction of urine means that the stomach 
does not secrete hydrochloric acid, (5, 6, 7). 

Leathes, (8, 9) McCorvie, (10) and others have taken an entirely 
different view of the problem. They believe that di sease of the kidneys 
is usually, if not always, responsible for an absence of the alkaline 
tide. According to them relative over-ventilation through the lungs 
is the cause of the rhythmical changes in the reaction of the urine. 
When the kidneys are diseased the urine fails to reflect the changes in 
the blood induced by hyperpnoea, and its reaction is relatively con- 
stant. There seems to be no extensive series of cases in the literature 
in which the relationships of urinary reaction to both gastric and kid- 
ney abnormalities are considered in the same patients. Such a study 
is presented in this article. 

Alkaline tide determinations have been made in this institution 
upon 296 subjects by the following technique. At seven o’clock the 
patient was aroused, and the night urine voided and, inmost instances, 
discarded. Specimens were collected at hourly intervals thereafter 
until one o’clock. The reaction of these was determined by a colori- 
metric method. A meal, usually consisting of a glass of milk, a glass 
of water, two slices of toast with butter, and an egg, was fed between 
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eight and nine o’clock. Most of the subjects were suffering from gas- 
tric disorders, and in many instances the presence of achylia gastrica 
was suspected. 

The present discussion is based upon 173 of these patients who failed 
to show an alkaline tide as defined by Munford and Hubbard (5). 
These authors consider that a tide is present when the reaction of any 
specimen is more alkaline than that of one collected earlier in the ex- 
perimental period by 1.0 pH, or when the reactions of any two speci- 
mens are more alkaline than a previous one by 0.5 pH. This defini- 
tion of a tide certainly cannot be considered wholly satisfactory, but 
it serves as a convenient method for separating those tests in which 
there was at most a slight tide from those in which there was a more 
definite one. 

The clinical histories and laboratory findings of these 173 patients 
were reviewed to determine the incidence of gastric and renal disorder. 
Eleven histories were not available. Gastric analyses were done upon 
118 patients. In 78 hydrochloric acid was absent from the gastric 
juice; in 15 there was a marked hypochlorhydria, and only 25 showed 
an approximately normal concentration of acid after the test meal. 

Among 162 patients whose urine showed little or no tendency toward 
the development of alkalinity during the morning there were many 
cases of achlorhydria and hypochlorhydria. What was the incidence 
of kidney disease in the series? In only 24 instances did the diagnoses 
suggest that circulatory or renal failure might have been present. 
These diagnoses included two cases of rheumatic and eleven of arterio- 
sclerotic heart disease. Of the latter group two showed signs of con- 
gestive failure and three had auricular fibrillation. There were three 
cases with diagnoses of chronic nephritis, one of which was associated 
with hypertension and arteriosclerosis. Hypertension was diagnosed 
four times and arteriosclerosis three times. One diagnosis read per- 
nicious anemia with heart block. It is evident that marked cardio- 
vascular-renal disease occurred rather infrequently. 

This evidence is supported by the available determinations of urea 
in the blood and of the rate at which phenolsulphonephthalein was 
excreted. The former study was carried out 27 times. The average 
value was 16.5 mgm. of urea nitrogen per 100 cc. of blood. In only 
four patients were values greater than 20 mgm. found. The phenol- 
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sulphonephthalein test was done on 43 patients. The mean value of 
these was 50 per cent. No patient excreted less than 28 per cent of 
the dye in two hours, and only 7 of them less than 40 per cent during 
that period. More than half of the subjects excreted over SO per cent 
■ — a figure which should almost certainly be considered normal when 
the dye is given intramuscularly and the urine is not collected through 
a catheter. 

It seemed worth while to take Into consideration the blood pressure 
readings of the group. The average values were systolic 135 and 
diastolic 76 mm. There were only 7 instances in which the systolic 
pressure was over 180 and the same number with diastolic readings 
over 100 mm. The figures certainly are not high. 

Recently (11) it has been shown that there are two separate periods 
of increased urinary alkalinity during the morning. One of these 
occurs before any meal is fed and is probably due to respiratory adjust- 
ment to the activities of the day. The other develops later in the 
morning, and is caused, according to the author’s view, by the secre- 
tion of hydrochloric acid into the stomach. The method by which 
the cases in this series were selected has confined the study to those 
showing an absence of the second tide. The results have also been 
analyzed to determine the relationship between nephritis and a urinary 
alkalinity developing before any meal is. fed because the work of 
Leathes (8, 9) and McCorvie (10) suggests that such a study maybe 
profitable. For this purpose those cases in the series already discussed 
in which the reaction of the night urine was determined have been 
considered separately. Such figures were available for 130 patients. 
In 15 of them the value of the pH representing the night urine was 7.0 
or higher. These tests have been discarded because development of 
further alkalinity under such conditions seems improbable. Forty- 
five showed a respiratory tide as defined by the author; that is the 
night urine was more acid by at least 0.5 pH than that collected im- 
mediately after awakening. The remaining 70 patients failed to show 
either the gastric or respiratory tide. 

The incidence of achlorhydria among these 70 subjects was approxi- 
mately the same as in the whole series. Kidney disease, however, 
seemed to be present somewhat more frequently in the smaller group. 
Although less than half of the cases showed an absence of the early 
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morning period of alkalinity this group provided seventeen of the 
twenty-four diagnoses which suggest the presence of cardiovascular- 
renal disease. These seventeen included all three of the cases of 
chronic nephritis, six of those with arteriosclerotic heart disease, four 
with arterioclerosis, and three with hypertension. However, since 
there were 53 cases out of the 70 for whom no such diagnoses were 
made, the difference between the groups with and without early alka- 
line tide is not striking. The routine urine findings agreed well with 
the clinical diagnoses. There was a somewhat higher incidence of 
marked abnormalities in the series without early alkaline tide, for five 
of the six patients who excreted more than a trace of albumin were in- 
cluded. Two of the four patients with red blood cells and 15 of the 27 
with casts also showed no early period of alkalinity. On the other 
hand 28 of these seventy patients showed nothing abnormal in the 
urine at any time, and 10 others excreted only an occasional faint trace 
of albumin. Blood urea determinations, studies of the rate at which 
phenolsulphonephthalein was excreted, and blood pressure readings 
were almost exactly the same in the small series of 70 as they were in 
the large one of which it formed a part. 

In a series or cases showing an absence of the characteristic alkahne 
tide after a meal achlorhydria occurred rather frequently, but there 
was little evidence of the presence of cardiovascular-renal disease. 
An absence of the early morning respiratory tide was somewhat more 
frequently associated with the conditions last named, but in a large 
proportion of the cases which showed no change of any sort in the 
urinary reaction there was no sign of renal or circulatory involvement. 
Since, however, the cases studied were picked from those in whom the 
presence of an abnormal gastric condition was suspected, and not from 
those showing lowered kidney function, care must be taken in drawing 
conclusions from the results. The conclusions may properly be stated 
as follows: 1st, relative constancy in reaction of the morning urine is 
often associated with an absence of hydrochloric acid from the gastric 
juice; 2nd, constancy in the reaction of the morning urine frequently 
occurs when no impairment of renal function and no signs of kidney 
disease can be demonstrated; 3rd, although there is some evidence that 
an absence of the early morning period of alkalinity may be associated 
■ndth diseases of the kidneys the relationship is not an essential one. 



ROGER S. HUBBARD 


41 


BIBLIOGRAPHY 

1. Bence-Jones, H., Phil. Tr. Roy. Soc. London, 1845, cxxxv, 335, (Through 

Fiske (4)). 

2. Bence-Jones, H., Phil. Tr. Roy. Soc. London, 1849, cxxxix, 235, (Through 

Fiske (4)). 

3. Campbell, J. A., Biochera., J., 1920, xiv, 603, Ammonia Excretion, Amino- 

acid Excretion, and the Alkaline Tide in Singapore. 

4. Fiske, C. J., J. Biol. Chem., 1921, xHx, 163. Observations on the “Alkaline 

Tide” After Meals. 

5. Munford, S. A. and Hubbard, R. S., J. Am. Med. Assoc., 1926, Ixxxviz, 922. 

The Alkaline Tide in Achlorhydria, 

6. Ackman, F. D., Canad. Med. Assoc. J., 1925, xv, 1099. The Relation Be- 

tween Gastric Acidity and the Hydrogen Concentration of the Urine with a 
Study of the Effect of Histamine. 

7. Davies, D. T., Brit. J, Exp. Path., 1929, x, 1. Some Observations on Gastric 

Secretion and Its Relationship to the Urinary Reaction. 

8. Leathes, J. B,, Brit, Jled. J., 1919, ii, 165. Renal Effidency Tests in Nephritis 

and the Reaction of the Urine. 

9. Leathes, J. B., Lancet, 1920, ii, 933. Renal Function, a Determination of Its 

Degree. 

10. McCorvie, J. E., J. Clin. Invest., 1926, ii, 35. Studies on the Morning Alka- 

line Tide of Urine in Normal Persons and in Patients with Nephritis. 

11. Hubbard, R. S., J. Biol. Chem., 1929, Ixxxiv, 191. The Reaction of the Morn- 

ing Urine. 
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I. Description of Method. Results in Individuals with No 
History of Lobar Pneumonia^ 

By W. D. SUTLIFF and D. R. RHOADES 

{From the Seco^id {Cornell) Medical Division and the Pathological Department of Bellevue 
Hospital, New York and the Hygienic Laboratory of the United States Public 
Health Service) 

(Received for publication May 27, 1929) 

The immunological properties of whole blood in relation to the 
pneumococcus have been studied by various methods. Wright, A, E. 
(1) and his followers used the slide cell technique devised by him and 
based upon the use of defibrinated blood. Heist and his co-workers 
(2, 3) have also used defibrinated blood. Bull and Tao (4) have used 
blood protected against coagulation by the addition of sodium citrate. 
Various workers have studied the course of pneumococcus infection in 
the blood stream of experimental animals: Wright, H.D. (5), Good- 
ner, K. (6, 7), and Cecil and Blake (8, 9, 10, 11, 12, 13). The most 
recent work on phagocytic immunity is that of Robertson and his co- 
workers (14, IS, 16) witli serum-leucocyte mixtures. The methods 
described below are in part adaptations of those used by these last- 
named investigators. In the early part of this study serum-leucocyte 
mixtures were tried repeatedly, but the manipulations required to free 
the leucocytes from the whole blood were, in our experience, too 
numerous and delicate for practical use. It occurred to us that whole 
uncoagulated blood might possibly present similar immunological fea- 
tures and that if this were so, it could be substituted with advantage 
for the serum-leucocyte mixtures. 

ilATERIALS AND METHODS 

An agitator was constructed as illustrated in figure 1 . The motive power of the 
agitator is a 4-volt storage battery. Speed is regulated by a rhcJostat starting key 

1 This work also received financial aid from the Research Fund of the ^letro- 
poHtan Life Insurance Company. 
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at R. The eccentric wheel, on the circumference of which the tubes are placed, 
provides rotation and end to end mixing of the contents of the tubes. 

Heparin (Howell, 17, 18), was used as the anticoagulant. Mechanical defibrina- 
tion changes the white blood cells by destroying or removing many of the polynu- 
clear cells as shown by Bull (20). Potassium or lithium oxalate in concentration 
necessary for preventing coagulation has some bacteriostatic action in cultures of 
pneumococci. Heparin in the concentration used in the blood in this study has 
no apparent effect on the growth of the pneumococcus. 



Fig. 1. Eccentric Rotator to i\Iix Tube Contexts 

Since the completion of this work the anti-complementar}’’ action of heparin has 
been studied by Ecker and Gross (19). We have been able to confirm this action 
of heparin when added directly to serum and also when used as an anticoagulant 
in whole blood. The amounts of heparin needed to demonstrate anti-comple- 
mentar>^ power are, however, greater than an}" that were used in this study. We 
feel it safe to say that in the whole blood samples used in this study, the plasma 
would in all probability have been active in the usual sheep cell and antigen system. 

The test was performed as follows; 

The blood sample to be tested was collected under sterile precautions, in 5 to 
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15 cc. amounts in a pyrex flask containing 1 mgm. of heparin in 0.1 cc. of normal 
saline for each 5 cc. of blood. The flask was kept in a dish of cracked ice before 
receiving the blood and from S to 10 minutes thereafter. A total white cell count 
and a differential count were made on the blood in the flask after it was received 
in the laboratory. 

Three cubic centimeters of an 18 hour broth culture of Type I pneumococci of a 
virulence sufficient to kill 20 gram mice regularly in a dilution of 10“^* were seeded 
in 25 cc. of sterile broth in a SO cc. centrifuge tube. This culture became dense 
enough in 3 to 4 hours to appear opaque at the greatest diameter of the tube (1 i 
inches). It was centrifugalized at high speed for 15 minutes, the supernatant 
broth poured off, and the organisms taken up in 5 cc. of gelatin-Locke’s solution. 
The density of this suspension was read by the Gates method (21) and diluted 


TABLE 1 

Contents of tubes "when assembled 


Tube number 

Blood 

FneiunococcI 

Obtained from O.l cc. of 

1 

cc. 

0.5 

108 

Standard suspension 

2 

0,5 

w 

Dilution 1 

3 

0.5 

108 . 

Dilution 2 

4 

0.5 

10* 

Dilution 3 

5 

0.5 

10* 

Dilution 4 

<5 i 

0.5 

1,000 

Dilution 5 

7 ! 

0.5 

100 

Dilution 6 

8 ' 

0.5 

100 

Dilution 6 

9 

0.5 

0 

Gelatin — Locke's solution 


to a standard density equivalent to approximately 1000 million pairs of pneu- 
mococci per cubic centimeter. The reading for this density with the Gates 
nephelometer was 1,1 cm. for the work to be reported. 

Dilutions of the standard suspension of pneumococci were made in gelatin- 
Locke’s solution. Each dilution was 1 : 10 of the preceding dilution. 

The culture dilutions were now placed in the 9 small tubes, as indicated in table 
1. A 1 cc, pipette with tip about 8 cm. long was used to place the culture well in - 
the bottoms of the tubes. One tenth cubic centimeter of dilutions 4, 5, 6, and 7 
were plated in blood agar as a check on the number and viability of the pneumo- 
cocci actually placed in a test. 

The blood was then added. It was mixed by gentle rotation of the flask. Five 
tenth cubic centimeter amounts were introduced to the bottom of all the tubes, 
except the 8th, with a 2 cc. pipette drawn out at the tip. The 8th tube received 
0.5 cc. of plasma obtained from the heparinized blood by centrifugalization. 

The contents of the 9 tubes, when the test w’as completely assembled, are 
illustrated in table 1. 
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The corks were then dipped in melted paraffin, cooled and placed in the tubes, 
after flaming the lips of the tubes slightly. 

The tubes were inserted in the leather band on the eccentric wheel of the agita- 
tor and the time noted. The rheostat was adjusted so that the wheel revolved at 
the rate of IS to 25 revolutions per minute. Agitation was continued for 6 hours; 
then the tubes were set upright in a rack and replaced in the incubator for 18 hours. 

In reading the results of the test, the color change was recorded, the appearance 
of the growth in the plasma control tube noted as to density and uniformity, and 
pour-plate cultures were made from each of the tubes in the test. It has been our 
experience from repeated estimations and dilutions of such cultures that a plate 
that appears uniformly brown, indicated in protocols by the symbol, contains 

more than 5000 colonies. Any less than 5000 pneumococci can be estimated 
approximately and this estimation has been indicated by the symbol mean- 
ing a lesser degree of growth than a ^'brown” plate, but still too great a number of 
colonies to be counted. 

We have used the standard procedure for the mouse protection test as described 
in a number of text books. 

Consistency of the measurements 

Various checks were employed for testing the accuracy of the 
methods used for counting and distributing the pneumococci and white 
cells in the tubes. The system of standardizing and diluting the sus- 
pension of organisms was analyzed by making pour-plate cultures in 
blood agar with every performance of the test. Granting that the 
standardized suspension contained 1000 million pairs of pneumococci 
per cubic centimeter, and that the dilution of each succeeding tube 
by one tenth was perfectly carried out, 100 colonies should result from 
planting 0.1 cc. of the 6th dilution. Dilutions 5 and 7 should contain 
1000 and 10 organisms, respectively, in each 0.1 cc. As a matter of 
record, the variation in the number of colonies obtained by planting 
0.1 cc. of the 6th dilution in 15 consecutive tests was from 35. to 172. 
The average number of colonies was 93. The extreme variation be- 
tween tube 6 and tube 7 was 72 per cent of the theoretical difference 
between the dilution in tubes 6 and 7, but between tubes 5 and 6 the 
extreme variation was only 8 per cent. 

Viability of the leucocytes 

The presence and duration of life in the leucocytes under the condi- 
tions of the test were determined, roughly, by the use of unstained • 
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warm stage preparations. Blood to which pneumococci had been 
added was examined, as well as blood to which no pneumococci had 
been added, but which, in other respects, had been subjected to the 
same manipulations (tube 9). At the end of 6 hours rotation and 24 
hours incubation the polynuclear leucocytes in the blood without pneu- 
mococci presented some changes. They did not appear as active as 
when first examined and the cytoplasm contained a moderate number 
of green refractive vacuoles. Observations on the same blood were 
made at intervals up to and including 72 hours. The polynuclear cells 
became more and more sluggish during that time; many lost the power 
of motility entirely, while others retained it to a slight degree. The 


TABLE 2 

Changes in the reading of the test after the etid of the 24-hour period 


Amount of culture 
suspension 

1 2i hours 

72 hours 

Color change 

Number of organisms 

Color change 

0.001 

+ 

OQ 


0.0001 

0* 

00 

++++ 

0.000075 

0 

4,500 

++++ 

0.00005 

0 

3,000 

+4“ 4*+ 

0.000025 ’ 

' 0 

7 

+++4- 

0.00001 1 

0 1 

0 

0 


♦0, no change; slight change; darker red; 4*++, deep red; -h+’f-h, 

brown. 


appearance of the lymphocytes was the same throughout, although 
they became motile toward the end of 72 hours incubation. 

In the presence of actively growing pneumococci the changes men- 
tioned above occurred much more quickly. The polynuclears were 
reduced in numbers and the remaining cells were filled with green 
vacuoles within six hours agitation and incubation. Practically all 
the polynuclears were destroyed within 18 to 24 hours incubation. 
Heist and his co-workers (2) made similar observations on the destruc- 
tion of cells and fibrin by the pneumococci. They described it as 
apparent digestion by the pneumococci. 

The less active the growth of the pneumococci the smaller the degree 
of destruction of the polynuclears. Where no growth occurred, that 
is, in blood which killed all the pneumococci which had been added to 
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it, the polynuclears presented no changes in 24 hours in either motility 
or in the appearance of the cytoplasm, other than those changes ob- 
served in the control blood to which sterile gelatin-Locke’s had been 
added. 

The lymphocytes, as judged by the observation of warm-stage prep- 
arations and counts, were not affected by the growth of pneumococci 
in the blood. A number of unidentified cells developed in prepara- 
tions with and without pneumococci. 

End point of the test 

Robertson and Sia made the final readings of their tests at the end 
of 72 hours, while other authors observed their results at the end of 
IS or 24 hours. Several of our tests were read at both 24 and 48 hours, 
and a few were read at the end of 72 hours. The main difference in 
these readings is indicated in table 2. At the end of 72 hours there 
was no question about the color change which appeared in all tubes 
in which pneumococci remained viable. In 24 hours the color change 
caused by methemoglobin formation was not observed in some tubes 
in which many pneumococci were living and multiplying, but cultures 
at the end of 24 hours indicated all the tubes in which growth could 
continue. 

For a time, blood broth cultures, blood agar plate cultures, mouse 
injection, and microscopic examination of the tube contents were used 
as indicators of the survival or death of the pneumococci. In regard 
to the first two, it was found that broth cultures were sometimes posi- 
tive when plate cultures were negative and vice versa, but the differ- 
ence was, at most, a matter of a very few organisms. 

The results of mouse inoculations agreed with those of broth or 
plate cultures only when no serum protection for mice was present. 
The examination of stained smears could be used to indicate small 
numbers of organisms, as well as large numbers, if sufficient care was 
taken in the search. 

The greater accuracy of blood agar plates, however, and the knowl- 
edge that the colonies indicated viable organisms seemed to us marked 
advantages. 

Two controls are indicated in the diagram of the test table 1 as 
tubes 8 and 9. Tube 8 contained plasma from heparinized blood 



D. SUTI,irF AND D. R. RHOADES 


49 


seeded with the smallest number of pneumococci used in the test, 
namely, an average of 100 pairs. By this means any influence of the 
blood plasma upon the pneumococcus was found, such as agglutina- 
tion, judged macroscopically. Tube 9 contained blood with gelatin- 
Locke’s solution, but no pneumococcus suspension. Growth in .this 
control indicated that the patient^s blood already contained organisms 
capable of proliferation. During approximately one-half of the work 
a third control, seeded with 100 pneumococci, was used, namely, 
red blood cells and plasma from which nearly all the white blood cells 
had been removed by centrifugalization. Growth in this control 
throughout our experiment was the same as in the plasma alone, and 
finally the use of this control was discontinued. 

Rcsiilts of repeated tests on the same subjects 

A consideration of prime importance in the use of this test was a 
measure of its consistency when applied to the blood of one normal 
individual several different times. Two tests were made on the blood 
of five different individuals. In three of these comparisons agreement 
was perfect. In the two remaining comparisons there was a differ- 
ence amounting to that between one tube and the next. 

In further tests we had occasion to repeat the estimation of the 
pneumococcidal power of the blood of a laboratory worker who had 
no history of pneiunococcus infection, but whose serum had some pro- 
tection for the mouse. This test was done on 8 different days, with a 
total of 10 estimations. In only one instance was there any disagree- 
ment and that was to the same degree as above, namely, one tube. 
Since the method of making the culture dilution might account for 
this much variation, we felt that the results were satisfactory. 

Whole blood immunity in patients with no history of pneumonia 

Patients who gave no history of lobar pneumonia but who had been 
admitted for chronic or minor ailments were chosen for this part of 
the study. None of them had febrile infections at the time of the 
test. The diagnoses were dyspepsia, adhesions of the stomach, pep- 
tic ulcer, carcinoma, chorea, chronic cardiac valvular disease of rheu- 
matic origin, chronic arthritis, chronic gonorrheal infection of the 
joints and urethra, acute nephritis, hypertension, arteriosclerosis, 
senility, neurasthenia, and urticaria. 
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The number of pneumococci killed by 0.5 cc. of uncoagulated blood 
was determined for 27 different individuals. The results are given in 
table 3. The blood from 9 of the subjects killed no pneumococci; 
the blood from 17 killed from 100 organisms to 10^000 organisms, while 
the blood from one subject killed 100,000 organisms. Thus in hospi- 
tal patients with no history of pneumonia, the pneumococcidal power 
of 0.5 cc. of whole blood for pneumococcus Type I varied from nil in 
one third of the subjects to 100 to 10,000 organisms in two thirds of 
the subjects, with one subject whose blood killed an even greater 
number. 


TABLE 3 

Pneumococcidal power of whole blood and protective power of serum in hospital patients with 

no history of pneumonia 


Mouse protection in 

Pneumococcidal power of whole blood (number of organisms killed) 


0 

100 

103 

lOJ 

103 

10» 

0 

3 

1 

5 

4 

0 

0 

1 

0 

1 

1 

1 

0 

0 

10 

0 

0 

1 

1 

0 

0 

100 ! 

0 

0 

0 

0 

1 

0 

103 

0 

0 1 

0 

0 

0 

0 

w 

. 0 

0 

0 

0 

0 

0 

Protection test not 
performed 

6 

1 

i 

1 

0 

1 

0 

0 

Total 

9 

3 

8 

6 

1 

0 


Reading from the left in the same table the results of the mouse 
protection tests are expressed as the number of minimal lethal doses 
(M.L.D.) of pneumococcus culture against which 0.2 cc. of the serum 
is effective in saving the life of a mouse. The serum for these tests 
was obtained from the subjects at the same time the whole blood 
sample was taken. The serum from 19 of the subjects was examined 
for protective power. Thirteen of the subjects gave no evidence of 
protection, while 6 had protective power against a small amount of 
culture. The measure of protection in normal ' individuals has been 
reported by Cecil and Austin (22) and by Clough (23, 24) with similar 
results. 

The degree of pneumococcidal power can be compared to the degree 
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of serum protection for the mouse in these 19 subjects. In the first 
place, 'wHle two thirds of the subjects had some whole blood pneumo- 
coccidal power, only one third had serum protection for mice. 

To a certain extent, however, there is a relation between serum pro- 
tection and whole blood immunity, inasmuch as among the six patients 
who had serum protection, all had some pneumococcidal power. The 
subject with the highest degree of protection (against 100 M.L.D.) 
also had the highest degree of whole blood pneumococcidal power 
(100,000 organisms). There is, however, a group of 13 subjects with- 
out any serum protection, 10 of whom had some whole blood pneumo- 
coccidal power. The degree of pneimiococcidal power in the 10 
subjects without serum protection ranged from 100 to 10,000 organ- 
isms, which includes the degrees found most frequently in the whole 
group of normal subjects. 

These hospital patients with no history of lobar pneumonia were 
studied in lieu of strictly normal individuals to provide a base line 
with which to compare the degree of pneumococcidal power found in 
patients with pneumonia. We are encouraged to regard this base 
line as significant by the fact that this group of subjects presented 
measurements, in serum protection for mice, which were similar to 
measurements for groups of strictly normal individuals studied by 
other workers. 


, SUMMARY 

1. A method is described for measuring the capacity of 0.5 cc. of 
uncoagulated human blood to kill pneumococci. 

2. The blood of 17 out of 27 hospital patients who had not had lobar 
pneumonia killed from 100 to 10,000 virulent Type I pneumococci. 
The blood of 9 of the same group of patients killed no pneumococci. 

3. When both mouse protection and whole blood pneumococcidal 
power were measured, ‘6 subjects had both, 10 subjects had whole 
blood pneumococcidal power alone and 3 subjects had neither whole 
blood pneumococcidal power nor mouse protection. 
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THE PNEUMOCOCCIDAL POWER OF WHOLE BLOOD 
II. Estimations in Lobar Pneitmonia^ 
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{From the Second {Cornell) Medical Division and the Pathological Department of Bellmte 
Hospital, Herd) York, and the Hygienic Laboratory of the Vnited Slates 
Pithlic Health Service) 

(Received for publication May 27, 1929) 

Our primary purpose in using the whole blood technique described in 
a previous communication (1) for measuring pneumococci dal powerwas 
its application to the study of lobar pneumonia in patients with the 
disease. Seventy-six separate observations have been made on 35 
different patients. These observations have been grouped according to 
their relation to the stage of the disease, as follows: (a) before the 
crisis, {b) at the crisis or later, (c) with complications and (d) about the 
time of death. In two cases the changes were compared with the find- 
ings of other serological reactions at various stages of the disease. 
The whole blood immunity, as affected by the administration of serum, 
was also studied in a few patients. Ail patients observed were suffering 
from lobar pneumonia caused by the Type I pneumococcus, unless 
othenvise stated. 

The results of our tests with blood, the serum of which was highly 
mouse protective, differ considerably from the results obtained when 
blood from individuals with no history of pneumonia and with no 
serum protection for mice was tested. 

The protocols of two typical tests are given in table L In the first 
protocol is shown the pneumococcidal power of the blood of a person 
who had no history of pneumonia and who had no serum immunity 
detectable by the usual mouse protection test. The blood of this 
subject killed 1000 pneumococci. The blood agar plate planted with 

1 This work also received financial aid from the Research Fund of the Metro- 
politan Life Insurance Company. 
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0.1 cc. of the contents of the first tube in which growth occurred, 
(number 5), became brown, that is, it contained an uncountable 
number of pneumococcus colonies. In the second protocol the pneu- 
mococcidal power of an immune blood is shown. The immune blood 
killed 100,000 organisms. In two tubes in which actual sterilization 
did not take place there was a reduction in the number of organism 
originally added to the blood. This was shown by the subsequent 
growth in the blood-agar plates from tubes 2 and 3 of less than 5000 

TABLE 1 

specimen protocols 


1. Blood from patient with no history of pneumococcus infection. 2. Blood from 
patient convalescing from lobar pneumonia due to Type I pneumococcus. 


Tube 

number 

Number of 
organisms 

Protocol 1. Non-immune blood 

Protocol 2, Immune blood 

Color change 

Culture 

Color change 

Culture 

Amount 

Growth 

Amount 

Growth 




cc. 



cc. 


1 

108 




+++ 

mm 

CO 

2 

10’ 

+++ 

0.1 

CO 

0 

mm 

CO — 

3 

10® 

++ 

0.1 1 

00 

0 

msm 

1,250 


i 


i 




colonies 

4 

105 

0 


CO 

0 

0.6 

0 

5 

10^ 

0 

WSm 

CO 

0 

0.6 

0 

6 

1,000 

0 

0.6 

0 

0 

0.6 

0 

7 

100 

0 

0.6 

0 

0 

0.6 

0 

8 

100 

Diffuse 

0.1 

00 

Diffuse 

0.1 

CO 


(plasma) 

growth 



growth 



9 

0 

0 

0.6 

0 

0 

0.6 

0 


pneumococcus colonies when 100 million and 10 million organisms had 
originally been introduced into the tubes. Such an inhibition of the 
growth of pneumococci was produced only by the blood of individuals 
who had a degree of serum immunity easily demonstrable by the mouse 
protection test. 

I 

WHOLE BLOOD IMHUNITY DURING THE ACUTE PHASE OF LOBAR 

PNEUMONIA 

During the febrile stages, before the crisis of lobar pneumonia in 
patients who are destined to recover, it is likely that the immune 
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mechanism is actively at work. Ten blood samples were examined 
from 7 different subjects in this active stage of Type I lobar pneumonia. 
None of these patients received any antipneumococcus serum or any 
other specific treatment. Although the first patient to be considered 
below finally died with erysipelas, he is included in this series because 
he passed through a distinct crisis and appeared to recover from the 
acute phase of lobar pneumonia. The 6 other patients made complete 
and permanent recoveries. 

The blood spedmens examined both for pneumococddal power and 
serum protection will be taken up in the order of their relationship 
to the day of crisis. The description of “the day of crisis” that has 
been adhered to is as follows: a day on which the rectal temperature 
reached 101°F., and following which a marked improvement in the 
condition of the patient was manifest. 

Our earliest observation during the course of lobar pneumonia was 
made on the second day of the disease, five days before the crisis. 
The findings throughout this case are illustrated in figure 2 . The blood 
cultures taken at the bedside yielded 12 T3pe I pneumococcus colonies 
per cubic centimeter. Growth occurred in the heparinized blood, 
even when no pneumococci were added. 

The next observations in order of their approach to the crisis are 
those on three cases made three days before the drop of temperature 
to 101 In these cases the pneumococcidal power showed wide 
variations. In one case, in which the blood culture was weakly 
positive, no pneumococcidal power was present, though no spontaneous 
growth occurred in 0.5 cc, of blood to which.no pneumococci were 
added. Of the two other patients, both of whom had negative blood 
cultures, blood from one killed 10,000 pneumococci, and blood from 
the other b’lled 1,000,000. Neither of these patients showed any 
serum immunity when tested by the routine protection test in mice. 

Two observations were made on the second day before the crisis. 
Both of these patients had positive blood cultures, and both showed 
whole blood immunity for the Type I pneumococcus. In the first case, 
examined two days before the termination of the acute phase of the 
disease, the blood culture was weakly positive, 5 cc. of blood being 
required to produce growth. In tlus case the blood sample sterilized 
itself and killed 10,000 pneumococci, while the serum sample showed a 
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small amount of protection. This protection test was done after the 
senun had been kept in the ice box for a period of 20 days. In the 
second of these observations which was made on the 5th day of the 
disease (fig. 2) the blood culture showed 4 pneumococci per cubic centi- 
meter of blood. The blood sample with heparin added sterilized itself, 
and in addition killed all pneuijiococci in the tube seeded with 

1.000. 000. No serum protection was found in this specimen when 
the test was done one month later. This test, as well as others, 
appears to indicate some independence of the whole blood immunity 
against the pnemnococcus from serum protection for the mouse. 

In the three cases examined for pneumococcidal power on the day 
before crisis, the blood itself was sterile, and the pneumococcidal 
power was of a high degree. Blood from one case killed 10,000 pneu- 
mococci, from another 1,000,000 pneumococci, and from the third 

10.000. 000 pneumococci. Tests with serum in the mouse likewise 
showed a considerable amount of protective power in each case. 

These ten tests, made during the acute stage of Type I pneumonia 
in patients that ultimately recovered, may not include all possible 
combinations of immunological factors. They bring out, however, 
several points that may be summarized as follows: 1. The multi- 
plication of organisms, already present in the patient’s blood stream, 
after the blood has been withdrawn and subjected to the conditions of 
the test, is compatible with the patient’s recovery from the acute stage 
of the disease. 2. The power of the blood to kill pneumococci intro- 
duced into it may develop (a) in the presence of bacteremia, and (b) 
independently of the serum antibodies as revealed by the routine mouse 
protection test. 

WmOLE BLOOD IMMUNITY AT THE CRISIS AND AFTER THE CRISIS 

The highest level in the development of whole blood immunity 
was reached the day before the actual fall in temperature to 101° and 
was maintained at that level for one week after the crisis. A total of 
26 observations was made onJ3 patients both on the day of the crisis 
and at subsequent intervals up to the 28th day after crisis. ' The 
thirteen tests made in the first week after crisis aU showed a high degree 
of pneumococcidal power. In eight of these tests 100,000 organisms 
were killed by 0.5 cc. of blood and in five 1,000,000 organisms were 
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killed. All these bloods showed serum protection for mice and marked 
inhibitory power in the tubes in which complete sterilization did not 
take place. 

WHOLE BLOOD IMifUNITY IN THE PRESENCE OF PNEUMOCOCCUS 
COMPLICATIONS 

Blood samples from three patients suffering from complications due 
to the pneumococcus were measured for their pneumococcidal power. 
In each case the whole blood immunity was as high as that found 
after the crisis in uncomplicated cases of lobar pneumonia. In the first 
case, illustrated in figure 1, the development of whole blood immunity 
and serum protection for mice had been observed previous to the 
detection of empyema on the 12th day after the crisis. The blood 
culture was negative when empyema was recognized, and the change in 
whole blood immunity from the level previously established was slight. 
Ten thousand organisms were killed and considerable inhibition of 
growth occurred in tubes planted with as many as 100,000,000 organ- 
isms. Serum protection for mice was lower the day following the 
detection of empyema than it had been 4 days previously. The fall 
in protective power was from 100,000 to 1000 MX.B. This 

is not an unusual change in uncomplicated convalescence from lobar 
pneumonia and may have little significance. In the second case the 
complication was arthritis, due to a Type II pneumococcus. Eight 
days after the detection of the purulent accumulation in the right 
shoulder joint and 29 days after the onset of pneumonia the pneu- 
mococcidal power was unusually high, 1,000,000 Type II pneumococci 
being killed. Inhibition occurred in the tube inoculated with 
10,000,000 organisms. The blood culture was positive only in the 
flasks seeded with 5 cc. of blood. The blood serum contained no Type 
II protection for mice. The third case was a pneumococcus Type I 
endocarditis. This patient had received, during the 7th, 8th, 9th and 
10th day of his disease, 195 cc. of concentrated antipneumococcus 
serum containing 390,000 units of protection. Pneumococcus endo- 
carditis was diagnosed by means of blood ^cultures, the development 
of an aortic diastolic murmur, and petechiae which appeared on the 
30th day of his illness. The degree of whole blood immunity was high. 
One hundred thousand Type I pneumococci tvere killed, and in the 
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tube inoculated -witli 10,000,000 organisms less than 5000 survived. 
One cubic centimeter of the patient’s blood cultured in agar yielded 
110 Type I pneumococcus colonies. The serum of a sample of blood 
obtained simultaneously vsdth the samples for blood culture and whole 
blood immunity test protected a mouse against 100,000 M.L.D. of 
Type I pneumococci. This protection test was done 41 days after the 
blood was drawn. 

WHOLE BLOOD IMMUNITY ABOUT THE TIME OF DEATH 

A certain relation has been observed between the presence of pneu- 
mococci in the blood stream and a fatal termination in lobar pneu- 
monia. It seemed desirable, therefore, to determine the degree of 
bacteremia and the pnemnococcidal power of the blood in moribund 
patients. The blood of three patients each suffering from Type I 
pneumococcus pneumonia was examined, one 3 hours, one 12 hours, 
and one 15 hours before death took place. All three patients appeared 
moribund at the time the blood was taken for examination, and aU 
three had positive blood cultures. There was no evidence of any whole 
blood immunity in two of the patients whose blood in vivo contained 84 
and 304 colonies of pneumococci per cubic centimeter respectively; 
indeed, the blood became overgrown by the Type I pneumococci 
already present without further inoculation of organisms. In the 
case of the third patient, whose blood contained 42 Type I pneumo- 
cocci per cubic centimeter three hours before death, the whole un- 
coagulated blood killed not only those present but also killed 10,000 
additional T3^e I pneumococci. 

RELATION OF IMMUNE REACTIONS TO CLINICAL COURSE 

In two cases of Type I pneumonia observations were made several 
times during the course of the disease. The accompanying charts 
show the temperature, the white blood count, the number of organisms 
in the blood, the whole blood immunity, the agglutination qualita- 
tively observed, and the mouse protection test. 

The patient represented in figure 1 was a man 36 years of age, who 
entered the hospital 31 hours after the onset of lobar pneumonia. 
His first blood specimen was obtained on the third day of his disease, 
the first day charted in the figure. His temperature fell sharply to 
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Fig. 1. Observations during the Course of a Case of Type I Lobar Pneumonia Foliowed by Empyema. 

Recovery 
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100° on the 6th and 7th day, but rose again from the 14th to the 
18th days. This was due to the development of empyema for which 
he underwent operation the 21st day of his illness. Recovery followed 
soon after thoracotomy was performed. This patient had a small 
amount of protection in his serum on the third day of his disease, 
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Fig. 2. Observations during the Course of a Case of Type I Lobar 
Pneumonia Followed by Empyema and Erysipelas. Fatal 

Ter^nation 

together with some pneumococcidal power, but showed simultaneously 
a positive blood culture in broth inoculated with 5 cc. of blood. An 
increase of pneumococcidal power was evident in the first specimen in 
which the blood culture was negative. Both pneumococcidal power 
and protective power reached a high point on the day of the sharp drop 
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in temperature. Agglutination appeared in the undiluted plasma on 
the day of the crisis. 

Figure 2 represents the chart of a young man 28 years of age who 
entered the hospital on the first day of his disease. The first blood 
sample was obtained on the second day of his illness which is the 
first day shown on the chart. His temperature fell sharply to normal 
on the 7th day, rose again to 102°F., and then fell to 99°F. on the 
8th day. On the tenth day it rose again and remained high until death 
on the 16th day. On the 13th day erysipelas appeared on the face. 
The patient died and at autopsy empyema was found in the left 
thorax. The pneumococcidal power of the blood appeared before the 
serum protection for mice. Agglutination appeared simultaneously 
%vith the appearance of protective power for mice. This patient, 
when first seen, differed from the preceding one in that he showed a 
more heavily infected blood culture. On the second day of his disease 
agar plates showed 12 Type I pneumococcus colonies per cubic 
centimeter of blood. In other cases, even shortly before death, a 
still greater number of organisms had been disposed of by the blood 
itself, but in this instance the organisms already present multiplied 
vigorously. At the second test made three days later, on the 5 th day 
of the disease, there were 4 organisms per cubic centimeter in the 
patient^s blood stream but these were killed and sterilization took place 
in tubes inoculated with as many as 1,000,000 Type I pneumococci. 
Serum protection for mice did not develop at this time, but was 
present on the 7th day, which was the day before crisis. 

EFFECT OF SERUM ADMINISTRATION UPON WHOLE BLOOD IMMUNITY 

It is of interest to note the effect of specific treatment on the ability 
of the blood to kill pneumococci. A patient Tvith Type I pneumonia, 
on the fourth day of the disease was selected for the test (fig. 3). His 
blood contained enough organisms to give a positive culture when 5 cc. 
were inoculated into 50 cc. of broth. Before the administration of 
serum there was a slight amount of pneumococcidal power, sufficient 
to kill 100 pneumococci, in addition to those already present in the 
patient^s blood stream. After the administration of 80 cc. of concen- 
trated antipneumococcus serum containing 160,000 units of mouse 
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protection, the blood culture was sterile and whole blood pneumo- 
coccidal power had increased to such a degree that 1,000,000 pneu- 
mococci were killed. Protective power in the patient’s serum and 
agglutination appeared simultaneously. Agglutination was still pres- 
ent the fourteenth day after the onset of the disease. The protective 
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Fig. 3. Observations during the Course of a Case of Treated Type I Lobar 
Pneumonia with Favorable Outcome 

power for mice appeared to fall off more quickly than did the whole 
blood immunity. ‘ . 


DISCUSSION 


This series of tests was designed to study the gross features of the 
whole blood immunity of man against the pneumococcus. The data 
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obtained does not bear directly on the partition of the pneumococcidal 
power of the whole blood between the humoral and cellular portions 
of the blood. A survey of the data discloses nothing inconsistent 
with the position taken by Robertson and Sia with respect to the 
immunity of animals (2) and man (3). Throughout our study in man 
serum immunity and whole blood immunity have been roughly parallel 
in the individual case. 

The leucocyte is necessary for the reaction but, if the normal number 
is present, further increase has little or no effect upon the number of 
pneumococci which either the serum-leucocyte mixture or whole 
uncoagulated blood can kill. This point was brought out by Sia, 
Robertson and Woo (4) and may also be illustrated by our experiments 
on man. When an infection is at its height, such as before the crisis 
in lobar pneumonia, or in the presence of general septicemia, the white 
cell count is usually well above normal, with a high percentage of 
polymorphonuclear leucocytes. In tlie cases in this study that was 
frequently the time at which pneumococcidal power was low. Witli 
the drop in the count to normal the pneumococcidal power readied and 
maintained its highest level. In one test the maximum killing power, 
that effective against 1,000,000 pneumococd, appeared in the presence 
of 2,080,000 polynuclear leucocytes (4,160 per cubic millimeter), and, 
in another, in the presence of 11,800,000 polynuclear leucocytes 
(23,600 per cubic millimeter), or about five times as many. Qn the 
other hand, no pneumococcidal power was found in samples of blood 
which contained, at one extreme, 17,200,000 polynuclear leucocytes 
(34,400 per cubic millimeter) and at the other extreme 4,210,000 
polynuclear leucocytes (8,420 per cubic millimeter) . 

Since certain degrees of whole blood immunity occur in normal 
subjects independently of serum protection, as detected by the usual 
mouse protection test, we should not expect the whole blood inununity 
in disease to follow exactly the serum protection for mice. In general, 
an increased power of the whole blood to kill pneumococci develops 
earlier in the acute stage of the disease than does protection for mice. 
Aside from tliis finding, however, serum immunity, as measured by the 
mouse protection test, and whole blood immunity run fairly parallel. 
The difference between serum -protection and whole blood immunity 
may be due to a greater sensitiveness of the whole blood test. 
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Many writers have emphasized the importance of bacteremia in 
lobar pneumonia from the standpoint of prognosis and treatment. 
The presence of more than a certain number of organisms, especially 
later than the 5th day of the disease, is a fairly trustworthy indication 
of a fatal outcome. On the other hand, the presence of a few pneu- 
mococci in the blood in the early stages of the disease has little prog- 
nostic significance. A comparison between the findings of the whole 
blood test and the clinical course of the disease may give some idea 
of the significance of pnemnococci in the blood and their relationship 
to the outcome in lobar pneumonia. On the whole, patients whose 
blood, when drawn, can kiU whatever pneumococci are present 
therein, are doing well and those patients whose blood becomes over- 
grown by the organisms already present in the blood stream are doing 
badly. There are some conspicuous exceptions, however, to this 
general rule. On the one hand, the blood of one patient failed early 
in the disease to become sterile under the conditions of the test. Just 
before the crisis the blood of this patient developed the ability to 
sterilize itself and to kill a large additional number of pneumococci. 
On the other hand, we have observed a patient’s blood that contained a 
nmnber of organisms only three hours before death, which did sterilize 
itself. A special instance of the relationship of the pneumococcidal 
power of the blood to the outcome of the disease is manifested in 
pnemnococcus complications. In the cases examined in this study 
(empyema, purulent arthritis, and endocarditis), the blood retained 
its ability to kill pneumococci present in the blood stream, and also 
the ability to kill a large number of pneumococci inoculated after the 
withdrawal of the blood. Although infection of the blood is an impor- 
tant symptom in the course of lobar pneiunonia, it is apparently not 
the only factor associated with death, nor is it necessarily followed by 
death. 

The actual mechanism of recovery or death does not seem to us 
adequately explained by the results of tests of blood or serum against 
pneumococci in vitro. In the35 cases above, the whole blood immunity 
serum immunity, and the outcome of the disease are roughly parallel, 
except in the presence of purulent complications. Yet the correlation is 
not strict. Bacteria penetrate into the blood in the presence of bac- 
tericidal powPT ripatb orcurs in the nreRenre of few or manv bacteria. 
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and occasionally in the presence of a certain amount of bactericidal 
power. The mechanism of recovery or crisis is difficult to understand 
in view of the difference in time between the appearance of the blood 
immune phenomena and the improvement in the condition of the 
patient. The missing correlation may lie, however, not in the lack of 
cause and effect, but in the lack of an exact knowledge of the mode by 
which the bacteria or their products produce death, or the immune 
products, on the other hand, produce crisis or recovery. 

SUMMARY 

1. The blood of 7 patients acutely ill from T)^e I lobar, pneumonia 
killed from no pneumococci to 10,000 pneumococci in 6 observations 
made on the 1st, 2nd, 3rd, 4th and 5th days before the crisis. Four 
blood samples taken on the 1st, 2nd, and 3rd days before the crisis 
killed from 100,000 to 1,000,000 Type I pneumococci. 

• 2. Thirteen blood samples examined during the first week after the 
crisis kified from 100,000 to 1,000,000 pneumococci. 

3. Thirteen blood samples examined during the 2nd, 3rd and 4th 
week after the crisis killed from 1000 to 100,000 pneumococci. 

4. Before the crisis, bacteremia was found to be associated with great 
variations in the pneumococcidal power of the blood; from no pneu- 
mococci to 1,000,000 pneumococci were killed. Bacteremia or sepsis 
about the time of death was usually associated with no pneumococcidal 
power, but in one case out of three, a moderate degree of pneumococci- 
dal power and self-sterilizing power were present. 

5. In the presence of pneumococcus complications such as empyema, 
purulent arthritis, and endocarditis, the patients’ blood often contained 
pneumococci and was at the same time markedly pneumococcidal. 

6. The administration of concentrated antipneumococcus serum to 

patients with lobar pneumonia produced a sudden rise in the pneu- 
mococcidaJ power of the blood to that level which is found in patients 
who have successfully passed the crisis. ^ 
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RESUME OF THE LITERATURE 

Pulse rate and pulse presstire. In general, investigators have found that there 
is a definite, though inexact, correspondence between the elevation in the basal 
metabolic rate and the increase in pulse rate. Sturgis and Tompkins (2), in a 
study of 154 patients with thyrotoxicosis, found a fairly constant relationship 
between the resting pulse rate and the basal metabolism. They state that “a basal 
pulse rate below 90 per minute is seldom, and below 80 per minute is rarely asso- 
ciated with an increased metabolism.^' The rise in pulse rate is due, presumably, 
to increased metabolism for Minot and Means (3) observed that the degree of pulse 
elevation for a given metabolic rate was essentially the same in thyrotoxicosis 
and in chronic leukemia. Read (4), and Davies and Eason (5) corroborated the 
observations of Sturgis and Tompkins, finding, in spite of numerous exceptions, 
a general relation between the pulse rate and the basal metabolic rate. Davies and 
Eason also observed that as the basal metabolic rate increased, the pulse pressure 
likewise tended to increase. An increased pulse rate usually signifies an increased 
blood flow although blood flow may be actually diminished if a great reduction in the 
stroke volume occurs (6, 7). In brief, the piflse rate and the pulse pressure tend to 
be elevated with increase in minute volume output, but the relation is a varying 
one. 

Vital capacity of the lungs, Rabinowitch (8) studied the vital capacity of the 
lungs in a series of patients with thyrotoxicosis and observed that it became lower 
as the basal metabolic rate increased. McKinlay (9) likewise found a reduction 
in the vital capacity of the lungs to below 70 per cent of the normal in a great 
majority of severely toxic cases of thyroid disease. He observed that the minute 
volume of pulmonary ventilation at rest was not related to the diminution in the 
vital capaciy of the lungs. Lemon and Moersch (10) compared the vital capacity 
of the lungs and basal metabolic rate in 85 subjects. They found a tendency to- 
ward decreased vital capacity with increased metabolic rates, but stated that there 
was no precise relationship between the two measurements in a given individual. 

Minute volume output of the heart, Plesch (11) studied the minute volume out- 
put of the heart in one case of exophthalmic goitre, using an ingenious but rather 
crude gasometric method. He found that the minute volume output of the heart 
was 5,288 cc. as contrasted with 4,359 cc. in one normal subject. The pulse rate 
of the patient with exophthalmic goitre averaged 97, that of the normal subject 
72 per minute, while the oxygen consumption was 6.47 cc. per kilo per minute as 
compared to 3.52 cc. for the normal subject. Rabinowitch and Bazin (12) 
studied the venous oxygen unsaturation of the arm blood in patients with thyro- 
toxicosis, and inferred that no significant increase occurred in the minute volume 
output of the heart or in the output per beat. Liljestrand and Stenstrom (13) 
carefully studied the minute volume output of the heart in ten healthy subjects 
and in eleven patients with exophthalmic goitre, using the nitrous oxide method of 
Krogh and Lindhard (30). Eight female patients with an average increase in the 
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BLOOD PLOW IN THYROTOXICOSIS 


RKSXJME OP THE LITERATURE 

Pulse rate and pulse pressure. In general, investigators have found that there 
is a definite, though inexact, correspondence between the elevation in the basal 
metabolic rate and the increase in pulse rate. Sturgis and Tompkins (2), in a 
study of 154 patients with th>Totoxicosis, found a fairly constant relationship 
between the resting pulse rate and the basal metabolism. They state that “a basal 
pulse rate below 90 per minute is seldom, and below 80 per minute is rarely asso- 
ciated \vith an increased metabolism.” The rise in pulse rate is due, presumably, 
to increased metabolism for Minot and Means (3) observed that the degree of pulse 
elevation for a given metabolic rate was essentially the same in thyrotoxicosis 
and in chronic leukemia. Read (4), and Davies and Eason (5) corroborated the 
observations of Sturgis and Tompkins, finding, in spite of numerous exceptions, 
a general relation between the pulse rate and the basal metabolic rate. Davies and 
Eason also obsen'^ed that as the basal metabolic rate increased, the pulse pressure 
likewise tended to increase. An increased pulse rate usually signifies an increased 
blood flow although blood flow may be actually diminished if a great reduction in the 
stroke volume occurs (6, 7). In brief, the pulse rate and the pulse pressure tend to 
be elevated with increase in minute volume output, but the relation is a varying 
one. 

Viial capacity of the lungs. Rabino witch (8) studied the vital capacity of the 
lungs in a series of patients with thyrotoxicosis and observed that it became lower 
as the basal metabolic rate increased. McKinlay (9) likewise found a reduction 
in the vital capacity of the lungs to below 70 per cent of the normal in a great 
majority of severely toxic cases of thyroid disease. He observed that the minute 
volume of pulmonary ventilation at rest was not related to the diminution in the 
vital capaciy of the lungs. Lemon and Moersch (10) compared the vital capacity 
of the lungs and basal metabolic rate in 85 subjects. They found a tendency to- 
ward decreased vital capacity with increased metabolic rates, but stated that there 
was no precise relationship between the two measurements in a given individual. 

Minute volume output of the heart. Plesch (11) studied the minute volume out- 
put of the heart in one case of exophthalmic goitre, using an ingenious but rather 
crude gasometric method. He found that the minute volume output of the heart 
was 5,288 cc. as contrasted with 4,359 cc. in one normal subject. The pulse rate 
of the patient with exophthalmic goitre averaged 97, that of the normal subject 
72 per minute, while the oxygen consumption was 6.47 cc. per kilo per minute as 
compared to 3.52 cc. for the normal subject. Rabinowitch and Bazin (12) 
studied the venous oxygen unsaturation of the arm blood in patients with thyro- 
toxicosis, and inferred that no significant increase occurred in the minute volume 
output of the heart or in the output per beat. Liljestrand and Stenstrdm (13) 
carefully studied the minute voliune output of the heart in ten healthy subjects 
and in eleven patients with exophthalmic goitre, using the nitrous oxide method of 
Krogh and Lindhard (30). Eight female patients with an average increase in the 
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the pulse rate was 76 after subtotal thyroidectomy when the basal 
metabolic rate was only 13 per cent above the nonnal. 

Venous pressure. No significant deviations from the normal were 
observed in the venous blood pressures before or after treatment. 

Viial capacity of the kings and respiratory minute volume. The vital 
capacity of the lungs was diminished in five of the nine patients in the 
absence of any evidence of circulatory failure. The diminution was 
an inconstant finding and was not related to the degree of elevation 
in the basal metabolic rate. With a decrease in the basal metabolic 
rate tQward normal the vital capacity of the lungs tended to increase 
although this was not apparent in every instance. Before treatment 
when the basal metabolic rate averaged 33 per cent above normal, the 
average vital capacity of the lungs was 1870 cc. per square meter of 
body surface. After compound solution of iodine had been given, the 
average basal metabolic rate decreased to 22 per cent above normal, 
but the vital capacity of the lungs failed to increase. After operation, 
however, the average basal metabolic rate was one per cent above 
normal and the average vital capacity increased to 2010 cc. per square 
meter of body surface. 

In a few patients the respiratory minute volume was measured while 
the basal metabolic rate was elevated and again following appropriate 
treatment. While there was slight diminution in the respiratory 
minute volume with a return of the basal metabolic rate to normal, 
the magnitude of the respiratory minute volume before treatment and 
its decrease after treatment bore no direct relation to the oxygen 
consumption. 

Velocity of blood flow. The velocity of blood flow was strikingly in- 
creased, the pulmonary circulation time in some cases being the most 
rapid observed in any condition up to this time. As in our previous 
studies, the velocity of blood flow from the arm to the heart showed 
considerable variation, although in most patients it was definitely in- 
creased above the normal. The variability of the arm to heart cir- 
culation time was unusually great, due, probably, to the vasomotor 
instability of these thyrotoxic patients. The extent of the increase in 
the velocity of blood flow through the lungs was closely related to the 
extent of increase in the basal metabolic rate. This relationship was 
present in each individual case and is shown by the average results. 
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under as nearly basal conditions as possible. The pulse rate was 
counted several times before and after each test. Whenever feasible, 
observations were repeated after the basal metabolic rate had returned 
to normal in order to study the effect of treatment. 

RESULTS 

Twenty-seven measurements of the pulmonary circulation time and 
related aspects of the circulation were made in thirteen patients. In 
studying the data it seemed desirable to divide the patients into two 
groups. The first group includes nine patients who showed no clinical 
evidence of circulatory insufficiency; the second group consists of 
four patients who showed signs of cardiovascular disease. 

/. Thyrotoxic patients with no clinical evidence of cardiovascular disease 

Table 1 presents the results of twenty measurements of the pul- 
monary circulation time and related aspects of the circulation in the 
nine patients of this group, all of whom had exophthalmic goitre. In 
all but one of the patients, (D. A.), observations were repeated when 
the basal metabolic rate had been lowered by treatment. The diag- 
noses were established by the clinical findings and by microscopic 
examination of the excised thyroid tissue, the results of which are given 
in the appended case summaries. The clinical condition of the patients 
varied considerably. Some individuals were very toxic and had ex- 
perienced symptoms for many years, while in others the disease was 
less severe and of shorter duration. Six of the nine patients were 
females, and three patients were males. The ages of the patients 
varied from 18 to 45 years. 

Blood. In all patients the hemoglobin and red blood cell concen- 
tration in the peripheral blood were within the limits of normal. 

Pulse rate. The pulse rates before treatment were usually elevated 
but became normal ivith lowering of the basal metabolic rate. There 
was a general relation between the degree of elevation of the pulse rate 
and the increase in the basal metabolic rate. In a given case, how- 
ever, the relation was not always evident. Patient W. F., for in- 
stance, with a basal metabolic rate of 35 per cent above the normal, 
had a pulse rate of 68 and 80 on two occasions before treatment, while 
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In a previous study of fifty-eight normal persons, the arm to heart 
circulation time averaged 6.6 seconds, and the crude pulmonary circu- 
lation time 10.8 seconds. In these patients with thyrotoxicosis in 
whom the basal metabolic rate averaged 33 per cent above normal, the 
arm to heart circulation time averaged 4.9 seconds and the crude 
pulmonary circulation time 5.9 seconds. These results signify an in- 



Fig. 1. Relation of the Velocity of Blood Flow Through the Lungs and 
Basal Metabolic Rate in Patient M. C. Subtotal THYROioECTOiiY Was 
PERFOR iiED During the Fourth Week of Observation 

creased velocity of blood flow from the arm to the heart of 34 per cent 
and an increased speed of blood flow through the lungs of 83 per cent 
above the average of normal. 

As the basal metabolic rate became lower, the velocity of blood flow 
likeivise approached normal. This is shown graphically in figure 1, 
as well as by the results in table 1. The slowingin blood flow toward 
normal as the basal metabolic rate was lowered by Lugol’s solution 
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Average before operation 97 2,200 1,430 S -9 13.0 7.2 ISO +37 
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affords additional rational basis for the preoperative administration 
of compound solution of iodine. 

II. Patients with thyrotoxicosis and clinical evidences of cardiovascular 

disease 

Seven measurements of the velocity of blood flow and related 
aspects of the circulation were made in the four patients of this group 
(table 2). Signs or symptoms of circulatory insufficiency had pre- 
viously been present but were absent at the time of the test, although 
in one patient, R. N., auricular fibrillation was present at the time of 
the first, but not at the time of the second series of measurements. 
The vital capacity of the lungs was lowered in all patients, while the 
venous pressure was within the upper limits of normal. The velocity 
of blood flow through the lungs, although conspicuously increased, was 
slightly slower than the average velocity observed in the group of 
patients without cardiovascular disease but with similar basal met- 
abolic rates. The pulse rate was generally increased in proportion 
to the elevation in the basal metabolic rate as in the preceding group 
of patients. 


DISCUSSION 

The work done by the heart consists mainly in expelling the blood 
into the aorta and into the pulmonary artery against the existing pres- 
sures, and in imparting to the blood a certain velocity. The con- 
spicuously increased velocity of blood flow found in patients with 
thyrotoxicosis emphasizes the strain under which the heart labors even 
when the body is under basal metabohc conditions. 

Certain facts assiune increased significance when considered in 
relation to our results. The hot, flushed, salmon-colored skin, the 
tendency to perspire, the increased pulse pressure, the tendency to 
increased blood volmne (23) and the diminution in the vital capacity 
of the lungs observed clinically suggest that considerable vasodilata- 
tion is present in thyrotoxicosis and that the functional cross sectional 
diameter of the peripheral and pulmonary vascular bed is increased. 
The relation between volume flow and velocity flow through tubes of 
known diameter is a simple one and is expressed by the equation 
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^ = — where v = velocity expressed in seconds, a = volume per 
Trr^ 

second and r is the radius of the tube. If other factors remain equal, 
an increase in the functional cross sectional area of the vascular bed 
would tend to diminish the speed of blood flow. The fact that the 
velocity of blood flow is so strikingly increased in spite of the existence 
of considerable vasodilatation is further evidence of the extreme 
strain under which the heart labors (24). 

Although the second group of patients experienced dyspnoea on the 
slightest exertion, the velocity of blood flow was only slightly slower 
than that observed in similar patients (group I) without cardiovascular 
disease. This fact emphasizes the close interdependence of the circu- 
latory-respiratory-metabolic mechanism. Increased tissue metabolism 
cannot take place unless there is a proportionate increase both in blood 
flow and in effective pulmonary ventilation. The observations on the 
velocity of blood flow in the patients of group I, in whom there was 
no evidence of cardiovasulcar disease, indicate the degree to which the 
velocity of blood flow was increased to satisfy the increased metabolic 
demands of the tissues. A blood flow less rapid than this in the 
patients of group II was evidently inadequate and was accompanied 
by dyspnoea on the slightest exertion. This finding is of interest for 
while the velocity of blood flow was slightly slower in the patients of 
group II than in the patients of group I, it was nevertheless much 
more rapid than that found in normal subjects. The question of 
whether a given velocity of blood flow is adequate, therefore, cannot 
be decided in any absolute terms but only in relation to the metabolic 
rate of that patient. According to this concept the term '^normal 
velocity of blood flow’^ denotes the velocity of blood flow found 
in normal subjects with a normal basal metabolic rate. 

The extremely rapid velocity of blood flow observed in patients with 
thyrotoxicosis affords additional information as to why such individuals 
experience signs and symptoms of circulatory insufficiency on but 
relatively slight exertion. Plummer and Boothby (25) have sho\vn 
that a given amount of work by thyrotoxic patients is accompanied 
by a disproportionate rise in the basal metabolic rate requiring a similar 
disproportionate rise in ventilation and in blood flow. Rabino witch 
(8) and others have shown that the vital capacity of thyrotoxic 
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patients is greatly diminished, thereby imposing a limitation on the 
degree to which the ventilation can be increased. The work of 
Liljestrand and Stenstrdm (13), Bock and Field (26), Kininmonth 
(15), Burwell, Smith, and Neighbors (17), Means and Newburgh (29) 
and others indicates that the minute volume output of the heart in 
thyrotoxic patients at rest corresponds to that in normal individuals 
doing light work. This indicates that the “reserve” in the minute 
volume output of the heart is utilized by thyrotoxic patients even 
while at rest. The extremely rapid blood flow found in the present 
studies indicates similarly that what may be termed the “reserve” 
in the velocity of blood flow has been seriously encroached upon. 
In brief, a thyrotoxic individual experiences dyspnoea more readily 
than a normal one because: (1) an increased gaseous exchange is 
necessary; (2) a greater expenditure of energy and hence a relatively 
greater degree of hyperpnea is necessary to accomplish a given task; 
(3) the pulmonary bellows are much less eflicient ; (4) the “reserve” 
in the minute volume output has been moderately, and the “reserve” 
in the velocity of blood flow has been greatly encroached upon even 
while the patient is at rest. 

The greatly increased work of the heart even under basal conditions 
serves to explain the frequency of circulatory insufficiency in thyro- 
toxicosis. Whether the frequency of cardiac damage in this condition is 
due partly to a specific toxic effect on the heart cannot be stated on the 
basis of present knowledge. 

The increased velocity of blood flow in thyrotoxicosis probably 
occurs to meet the demands of the elevated metabolic rate and not as 
a result of a toxic effect on the heart. We have observed several 
patients with essential hypertension in whom the basal metabolic rate 
was elevated as high as plus 33 per cent without the clinical evidence 
of th 3 Trotoxicosis. Measurements demonstrate that in these subjects 
the increase in the velocity of blood flow through the lungs is similar 
to that observed in thyrotoxic patients with equally high metabolic 
rates but without hypertension. The findings are in accord with 
certain observations on the minute volume output of the heart (14, 28). 
The increased burden imposed by this elevation of basal metabolic 
rate is of serious import to the already overworked heart and indicates 
the advisability of reducing the basal metabolic rate in such patients 
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by appropriate means. Such reduction of the basal metabolic rate 
while tending to lessen the amount of tli^ cardiac work, could not be 
expected to affect the degree of the arterial hypertension. Similar 
considerations probably apply to other states such as leukemia and 
fever in which the metabolic rate is elevated. These observations, 
again demonstrate that alteration of one fundamental physiological 
function is accompanied by changes which tend to keep constant the 
various relationships within the internal environment. 

SUMMARY 

1. Twenty 'Seven series of measurements were made in thirteen 
patients with th)n:otoxicosis in order to correlate the clinical manifesta- 
tions with changes in the velocity of blood flow through the lungs, 
the basal metabolic rate, pulse rate, venous and arterial pressures 
and vital capacity of the lungs. Measurements made when the basal 
metabolic rate was elevated were compared wth subsequent measure- 
ments when the rate was reduced. 

2. There was a general but inexact relation between the degree of 
elevation of the pulse rate and the increase in the basal metabolic rate. 

3. No significant deviations from the normal were observed in the 
venous blood pressure before or after treatment. 

4. Diminution in the vital capacity of the lungs was an inconstant 
finding. With a decrease in the basal metabolic rate, the vital capacity 
of the lungs tended to increase. 

5. The velocity of blood flow was strikingly increased so that the 
pulmonary circulation time was the fastest yet recorded in man. The 
increase in velocity of blood flow through the lungs was proportional 
to the degree of elevation in the basal metabolic rate. This emphasizes 
the strain under which the heart labors in thyrotoxicosis. 

6. In nine patients with thyrotoxicosis but to thou t circulatory 
failure, tlie basal metabolic rate averaged 33 per cent above the 
normal, while the velocity of blood flow through the lungs averaged 83 
per cent above the normal. In four thyrotoxic patients mth similar 
basal metabolic rates but with cardiovascular disease, the velocity of 
blood flow was slightly slower. The fact that the latter group of 
patients experienced dyspnoea on slight exertion emphasizes the close 
interdependence of the drculatory-respiratory-metabolic mechanism. 
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7. When the basal metabolic rate was lowered by the administra- 
tion of compound solution of iodine or by operation, the velocity of 
blood flow was correspondingly slowed, 

ABSTRACTS OB HISTORIES AND PHYSICAL EXAMINATIONS OB PATIENTS 

WITH THYROTOXICOSIS 

E. B. entered the hospital because of nervousness and loss of weight. She had 
become increasingly nervous during the four years before admission. One year 
before admission she became distinctly irritable and noted an undue tendency to 
perspire. Six months before admission a swelling appeared in the front of the 
neck. During the three weeks preceding her entry to the hospital she had occa- 
sional dyspnoea and palpitation. There had been a loss of 17 Ibs.in weight during 
the last six months. Physical examination showed marked nervousness; a moist, 
warm skin; a flushed face; symmetrical enlargement of the thyroid gland with sys- 
tolic bruit over it; the heart not enlarged, with rate of 100 per minute; fine tremor 
of fingers and hyperactive reflexes. The blood pressure was 140 mm. Hg systolic and 
80 mm. Hg diastolic. The basal metabolic rate was plus 60 per cent on April 12. 
Ten minims of LugoFs solution were given three times daily from April 15 to April 
24. Subtotal thyroidectomy was performed on April 25. The pathological re- 
port was ‘‘Marked chronic inflammation, ^vith marked follicular h}"perplasia, and 
no colloid distention; hyperplasia of thyroid.’^ 

G. O'M. entered the hospital because of nervousness, fatigue and swelling of 
the neck. For eighteen months before admission she had noticed easy fatigability, 
restlessness and tremor of the hands. One year before admission she began to 
perspire unduly and noted a swelling at the base of the neck. She experienced 
palpitation on slight exertion during the two months before admission. She lost 
20 lbs. within the six months preceding her entry to the hospital, although her 
appetite remained very good. Physical examination showed restlessness; quick, 
jerky movements; warm, moist skin; slight exophthalmos; symmetrical enlarge- 
ment of the th 3 Toid gland, with a bruit over the isthmus. Her heart was not en- 
larged, the rate was 94 per minute. The blood pressure was 120 mm. Hg systolic, 
70 mm. Hg diastolic. The reflexes were hyperactive and there was a fine tremor of 
the fingers. The basal metabolic rate was plus 24, plus 22 and plus 24 per cent on 
October 12, November 10 and November 16, respectively. Ten minims of LugoTs 
solution were given three times a day from November 15 to November 18. A 
subtotal thyroidectomy was performed on November 19. The pathological report 
was — “Sections show marked chronic inflammation, with very marked follicular 
h>'perplasia, the epithelium being columnar in type, and showing retrograde 
changes. There is no colloid distention; hyperplasia of thyroid.” 

D. S. came to the hospital because of nervousness, easy fatigability, and trem- 
bling of hands, two months in duration. In spite of increased food intake, he had 
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lost IS pounds in the two months preceding his entry into the hospital. Physical 
examinaiioti showed nervousness 5 flushed facies; warm, moist skin; slight exoph- 
thalmos with definite stare; no thyroid gland enlargement; normal sized heart, 
with rate of 90 per minute. The blood pressure was 115 ram. Hg systolic and 40 
mm. Hg diastolic. There was fine tremor of both hands. The basal metabolic 
rate was plus 40 and plus 35 per cent on December 28 and January 7, respectively. 
Ten minims of Lugol's solution were given three times a day from January 21 to 
February 3. Subtotal thyroidectomy was performed on February 4. The patho- 
logical report was “Moderate chronic inflammation with very marked follicular 
hyperplasia, showing retrograde changes; hyperplasia of thyroid. 

D. A. had had a right hemi thyroidectomy in 1915, twelve years before the pres- 
ent admission to the hospital. Three years previously drooping of the eyelids 
was first noted. Four months before admission she had to give up her work on 
account of increasing weakness and nervousness. Dysphagia and dysarthria 
gradually developed. Food seemed to lodge in her throat, and her voice became 
nasal in quality. Two months before admission diplopia was noted, especially on 
fatigue. She had lost 20 pounds during the four months preceding admission. 
She reentered now because of nervousness, weakness, difficult}’’ in talking and 
swallowing, and cirooping of the eyelids. Physical examination showed complete 
ptosis of the upper eyelids; limitation of ocular movements laterally and upward; 
weakness of facial muscles without atrophy; nasal quality to speech; well-healed, 
semi-circular scar at base of neck; small, hard mass moving with deglutition to the 
right of the hyoid bone; normal sized heart, with rate of 120 per minute; warm, 
moist skin and marked tremor of fingers. The blood pressure was 140 mm. Hg 
systohe and 90 mm. Hg diastolic. The basal metabolic rate was plus 23, plus 32 
and plus 31 per cent on September 27, October 10 and 11, 1927, respectively. 
The clinical diagnosis was not only exophthalmic goitre but also myasthenia 
gravis- Ten minims of LugoFs solution were given three times daily from October 
11 to October 23. Left hemithyroidectomy was performed on October 24.* She 
died October 26. The pathological report was “Moderate chronic inflammation 
with moderate follicular hyperplasia, the epithelium being columnar in type; 
hyperplasia of thyroid.’’ 

M. C. entered the hospital because of swelling in her neck, palpitation, nervous- 
ness and difficult breathing. Four months before admission increased nervous- 
ness, voracious appetite and a tendency to perspire freely were noted. Six weeks 
before admission a swelling in the neck and tremor of the hands appeared. During 
the month before entry she had experienced palpitation and dyspnoea, especially 
on lying down. Physical examination showed a warm, moist skin; fine tremor of 
extended hands; moderate exophthalmos with bilateral lid-lag, symmetrical en- 
largement of thyroid gland with bruit; heart of normal size with rate of 120 per 
minute and a soft blowing systolic murmur over the apex. The blood pressure 
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was 136 mm. Hg systolic, 98 mm. Hg diastolic. Tlie basal metabolic rate was plus 
28 and plus 24 per cent on November 11 and 16, 1927, respectively. Treatment 
was delayed because the patient developed an upper respiratory tract infection 
and an acute purulent otitis media. Ten minims of Lugobs solution were given 
three times daily from April 2 to April IS, 1928. Subtotal thyroidectomy was 
done the next day. The pathological report was ''Sections show marked chronic 
inflammation, with marked follicular hyperplasia, the epithelium being columnar 
in type, and no colloid distention. Parenchymatous hyperplasia of thyroid.^’ 

I. B. had suffered from nervousness, loss of weight, tremor of hands, and pah 
pitation for one year before admission to the hospital. During the two months 
preceding his entry, eight to ten attacks of palpitation occurred daily. He per- 
spired unduly and fatigued easily. Physical examination showed nervousness and 
restlessness. The skin was moist, warm and salmon-colored. There was moder- 
ate exophthalmos; an enlarged thyroid gland with a bruit and thrill over it; a 
normal sized heart with rate of 100 per minute; and marked tremor of fingers. 
The blood pressure was 148 mm. Hg systolic, 68 mm. Hg diastolic. The basal 
metabolic rate was plus 44, plus 22 and plus 27 per cent on January 3, 5 and 9, 
respectively. Ten minims of LugoFs solution were given three times a day from 
Januar>^ 11 to January 21. Right hemithyroidectomy was performed on January 
22 and left hemithyroidectomy on March 18, The pathological report was 
“Sections show marked follicular hyperplasia, with marked chronic inflammation. 
There is no colloid distention of acini. Parenchymatous hyperplasia of thyroid 
gland.” 

Y. A. entered the hospital because of increasing nervousness, perspiration and 
swelling in her neck. A swelling first appeared in the neck seven years before 
admission. For two years before admission she had been markedly nervous and 
had suffered from disturbed sleep , and profuse perspiration. Physical examination 
showed a nervous, restless girl with flushed, moist skin; slight exophthalmos with 
lid-lag; symmetrical enlargement of the thyroid gland with systolic and diastolic 
bruit over it; normal sized heart with rate of 90 per minute; and a coarse tremor 
of extended hands. The blood pressure was 120 mm, Hg systolic, 70 mm. Hg 
diastolic. The basal metabolic rate was plus 31 and plus 29 per cent on March 1 
and 5, respectively. Ten minims of LugoFs solution were given three times daily 
from [March 22 to April 3. Subtotal thyroidectomy was performed April 4. The 
pathological report was “Marked chronic inflammation, with marked follicular 
h\perplasia, but no colloid distention. H 3 perplasia of thyroid.” 

W. F. entered the hospital because of nervousness and loss of weight. For one 
year before admission he had tired easily, had become irritable and nervous, and 
had developed a tremor of the hands. In spite of greatly increased food intake 
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he had lost 20 pounds in the three months before admission. Physical examination 
revealed a flushed, moist skin; marked tremor of extended hands; heart not en- 
larged with rate of 120 per minute. The blood pressure was 120 mm. Hg systolic, 
60 mm. Hg diastolic. There was no exophthalmos or enlargement of the thyroid 
gland. The basal metabolic rate was plus 36 and plus 34 per cent on April 12 and 
16, respectively. Ten minims of Tugol's solution were given three times daily 
from April 15 to April 26. Subtotal thyroidectomy \vzs performed on April 27. 
The pathological report was “Sections show moderate follicular hypeiplasia, with 
slight chronic inflammation. There was no colloid distention. Hyperplasia of 
thyroid (moderate.)** 

F. R. entered the hospital because of tremor of bands and nervousness. Two 
years before admission undue irritability and nervousness developed and one year 
before admission she noted tremor of hands and voracious appetite. Physical 
examination showed trembling of lips and chin; a warm, moist skin with pig- 
mented areas under chin' and in right axilla; slight exophthalmos; a palpable thy- 
roid gland; normal heart with rate of 90 per minute; and fine and coarse tremor of 
both hands. The blood pressure was 130 ram. Hg systolic, 70 mm. Hg diastolic. 
The basal metabolic rate was plus 35 per cent on September 20 and plus 10 per 
cent on October 7. Thirty minims of Lugol’s solution were given daily from Octo- 
ber 5 to October 14. Subtotal thyroidectomy was performed on October 15, 1927. 
The pathological report was “Marked chronic inflammation, with moderate folli- 
cular hyperplasia. Epithelium columnar in type, and there are retrograde 
changes in acini. Hyperplasia of thyroid.’* 

L. R. entered the hospital because of attacks of palpitation, dyspnoea and loss 
of weight. One year before admission attacks of palpitation gradually increasing 
in severity appeared. About five months before admission he began to suffer from 
dyspnoea on exertion wth occasional attacks of severe palpitation. Physical 
examination showed a young man with a flushed, moist, salmon-colored skin, and 
tremor of hands. There was no exophthalmos. The thyroid gland was uni- 
formly enlarged. The heart showed moderate enlargement to the left, action 
regular, rate 85 per minute. The first sound was accentuated and a systolic mur- 
mur was heard over the apex and base. The blood pressure was 135 nun. Hg 
systolic and 65 mm. Hg diastolic. Electrocardiographic tracings on admission 
showed normal rhythm, a week later, auricular fibrillation. The basal metabolic 
rate was plus 68 and plus 33 per cent on December 14, 1928 and January 8, 1929, 
respectively. Thirty minims of Lugol’s solution were given daily from January 10 
to January 21. Right hemithyroidectomy was performed on January 22 and 
and left hemithyroidectomy on March 26", 1929. The pathological diagnosis, w'as 
“Parenchymatous hyperplasia of thyroid gland.” 

M. B. had suffered from nervousness, dizziness and trembling of hands for one 
year and marked weakness for six months. During these six- months she perspired 
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profusely and lost 25 pounds. Physical examination showed flushed skin and face, 
moderate exophthalmos with lid-lag, symmetrical enlargement of thyroid gland 
and fine tremor of extended hands. The heart was moderately enlarged to the 
left, the rate, 110 per minute. No murmurs were heard. The peripheral vessels 
were sclerosed and the blood pressure was 210 mm. Hg systolic and 110 mm.Hg 
diastolic. There were no signs of congestive heart failure. Electrocardiographic 
tracings showed left ventricular predominance with slurring of and S3. The 
basal metabolic rate was plus 50 per cent on February 14. LugoFs solution, ten 
minims, three times a day, was given from February 13 to February 21. A sub- 
total thyroidectomy was performed February 21, The pathological report was 
“Sections show marked colloid distention of acini, with slight chronic inflammation. 
There is no evidence of hyperplasia. Toxic adenoma of thyroid gland.” On 
March 26 she complained of weakness and trembling of hands, the bloodpressure 
was 200 mm. Hg systolic and 110 mm. Hg diastolic, and there was slight pitting 
edema of lower extremities. The lungs were clear. The basal metabolic rate was 
plus 41 per cent. On May 10 she felt much better, had gained 22 pounds and 
was no longer nervous. The blood pressure was 225 mm, Hg systolic and 120 mm. 
Hg diastolic. The basal metabolic rate was plus 28 per cent. 


R. N. entered the hospital because of attacks of palpitation, nervousness and 
easy fatigability, one year in duration. She had lost about 60 pounds during the 
year before admission, in spite of increased food intake. Physical examination 
showed a prematurely gray-haired woman; with flushed, moist skin; moderately 
enlarged thyroid gland; normal sized heart with rate of 94 per minute and ab- 
solutely itregular rhythm; a pulse deficit of 12; and fine tremor of extended hands. 
There was no exophthalmos, lid-lag, or peripheral edema. Electrocardiogram on 
February 13 showed auricular fibrillation. The basal metabolic rate was plus 22 
and plus 24 per cent on February 10 and 14, respectively. LugoFs solution, ten 
minims, three times daily, was given from February 12 to February 14. Subtotal 
thyroidectomy was performed February 15. The pathological report was “Mod- 
erate to marked chronic inflammation. Folhcular hyperplasia is very marked and 
the epithelium shows retrograde changes. There is no colloid distention. Hyper- 
plasia of thyroid.” 


P. F. entered the hospital because of cough, dyspnoea and edema of feet. 
For many years he had suffered from “asthma.” Three years before admission 
increasing nervousness developed. One month before admission sensation of 
pressure over the precordium, cough, and nocturnal dyspnoea appeared. Three 
days before admission he noticed swelling of his feet and palpitation on the 
sHghtest exertion. In spite of increased food intake, he had lost weight 
steadily. Physical examination showed a poorly nourished, elderly white man, 
restless and apprehensive; with, marked exophthalmos; a warm, moist skin; 
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palpable thyroid gland with a hard nodule in the right lobe. The heart was 
definitely enlarged wth systolic murmur over apex, rate of 90 per minute, and 
absolutely irregular rhythm. Peripheral vessels were markedly sclerosed. 
Auscultation of lungs showed prolonged expiratory phase accompanied by 
musical squeaks. There was pitting edema of both legs up to the knees. The 
blood pressure was 120 nun. Hg systolic and 80 mm. Hg diastolic. With full 
doses of digitalis, the edema disappeared and normal sinus rhythm was restored 
by the administration of quinidine sulphate. The basal metabolic rate was plus 
29 and plus 40 per cent on November 5 and December 3, respectively. Ten 
minims of Lugol’s solution were given three times daily from December 14 to 
December 22, 1927. Right hemithyroidectomy was performed December 23, 
1927 and left hemithyroidectomy on February 9, 1928, The pathological report 
was “Sections show moderate chronic inflammation but marked follicular hyper- 
plasia with columnar epithelium, showing retrograde changes. No colloid dis- 
tention seen. Hyperplasia of thyroid.” 
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STUDIES ON THE VELOCITY OF BLOOD FLOW 

XIV. The Circulation in Myxedema with a Comparison of the 

Velocity of Blood Flow in Myxedema and Thyrotoxicosis^ 

By HERKMAN L. BLUI^IGART, SAMUEL L. GARGILL and 
DOROTHY ROURKE GILLIGAN 

{Prom the Research Laboratories of the Beth Israel Hospitalt the T/torndike Memorial Lahora^- 
tory of the Boston City Uospitalf and the Departmetit of MedicinCj Harvard 
Medical School, Boston) 
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The clinical aspects of the circulation in myxedema have aroused 
widespread interest, but knowledge of the pathologic physiology of the 
blood flow in this condition is meagre. The present study undertakes 
the correlation of the clinical manifestations of myxedema with 
changes in the velocity of blood flow, basal metabolic rate, pulse rate, 
plasma volume, venous and arterial pressures, respiratory minute 
volume and vital capacity of the lungs. The same methods were 
employed as in the preceding study of thyrotoxicosis (1). 

results 

Sixteen series of measurements were made in seven consecutive 
patients with the classical clinical manifestations of spontaneously 
occurring myxedema (table 1). In each patient measurements made 
when the basal metabolic rate was low were compared with subsequent 
measurements when the basal metabolic rate had been elevated to 
normal by appropriate doses of desiccated thyroid gland by mouth. 
The clinical findings in tlie patients are summarized in the appended 
abstracts. All subjects were women between the ages of 45 and 58 
years, except subject E. Sa. who was 18 years old. The tendency of 
myxedema to occur predominantly in women is well recognized. 

Blood. ^‘Secondary” anemia was observed on examination of the 

» This investigation was aided in part by a grant from the DeLamar Mobile 
Research Fund of Harvard University. 
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blood of every patient. No significant change in the degree of anemia 
was noted in the relatively short time that intervened between the 
blood flow measurements before and after thyroid treatment. The 
occurrence of anemia in myxedematous patients and ite tendency to 
disappear with thyroid therapy have been noted by Emery (2) and 
others. Our patients were not studied over a sufficient length of time 
to observe a return of the blood to normal. The dilution of the blood 
with the increase in plasma volume which occurred following thyroid 
medication evidently obscured any slight increase in the absolute 
number of red blood cells. This is particularly evident in patient 
M. K. (table 1). 

The plasma volume was measured both before and after treatment 
with thyroid extract by the brilliant vital red method used by 
Thompson (3). Our findings agree in general with those of Thompson 
who found that the plasma volume per kilogram of body weight is 
low in myxedema and that a significant increase occurs on adminis- 
tration of thyroid gland. The average plasma volume per kilo of the 
7 cases before treatment was 34.1 cc. compared with 37.6 cc. after 
treatment. A parallelism between the changes in basal metabolic rate 
and plasma volume was not observed always; indeed the plasma volume 
per kilo decreased or remained unchanged in two of seven patients 
after administration of thyroid gland. 

Pulse rate and pulse pressure. The pulse rate was low in the patients 
with myxedema and bore a general relation to the basal metabolic rate 
although an exact parallelism was not present in each case. The 
pulse rate averaged 65 per minute before treatment compared with 
an average of 93 following adequate thyroid extract therapy. Like- 
wise, the pulse pressure was small when the basal metabolic rate was 
low and tended to increase somewhat after treatment. These observa- 
tions are similar to those of Davies and Eason (4) and to those of 
Willius and Haines (5) who noted an average increase in the pulse 
pressure from 36 mm. mercury before treatment to 45 mm. after 
treatment. 

Venous pressure. The venous pressure was within the limits of . 
normal in all our patients, a fact which is in accord with the absence of 
clinical manifestations of congestive failure. 

Vital capacity of the lungs. In all subjects, the vital capacity of the 
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lungs was strikingly duninished in the absence of any signs of congestive 
failure and did not show a significant change following treatment. 
We are unable to explain this phenomenon. The extent of diminution 
in^he vital capacity was not closely related to the degree of lowering 
in the basal metabolic rate. 



Fig. 1. The Relation Bet^veen Percentage Variations in the Basal Met- 
abolic Rate and the VELOcrry or Blood Flow Through the Lungs m 
Patient M. G, Before Treatment and After Treatment 
T he circles (o) denote observations of the basal metabolic rate, the solid dots 
(•), observations on the pulmonary velocity of blood flow. 

Respiratory minute volume. The respiratory minute volume was 
conspicuously decreased before treatment and always rose significantly 
as the basal metabolic rate increased. The average respiratory minute 
volume per square meter of body surface before treatment was 3.2 
liters compared wth 4.1 liters after treatment. 

The velocity of blood flow. The velocity of blood flow was strikingly 
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slow in each of the seven cases of myxedema. This was evident in 
both the arm to heart blood flow (the arm to heart circulation time) 
and the blood flow through the lungs (the pulmonary circulation time). 
As has been observed in all preceding studies (6, 7, 8), the arm to heart 
circulation time shows considerable variation because of the relatively 
great spontaneous fluctuations in the arm blood flow. The degree of 
slowing in the blood flow through the lungs corresponded closely with 
the degree to which the metabolic rate was lowered. After taking 
adequate amounts of desiccated thyroid gland by mouth, the rise in 
the metabolic rate and the increase in the velocity of blood flow to 
normal took place simultaneously and closely paralleled each other. 

These findings are illustrated by the results in patient, M. G. 
(fig. 1), Before treatment, the basal metabolic rate was 25 percent 
below the average normal, and the pulmonary circulation time was 
.20 seconds, denoting a slowing of the blood flow to but 54 per cent of 
the average normal speed. The close correspondence between changes 
in the velocity of blood flow and basal metabolic rate is shown by the 
measurements after 14 days of treatment, when the basal metabolic 
rate and velocity of blood flow had both returned to within 3 per cent 
of the average normal values. 

A similar relation was observed in the measurements in patient E. S. 
(fig. 2). The first measurements were made before treatment when 
the basal metabolic rate was 22 per cent below the average normal, 
while the second series of tests was made after the patient had received 
dried thyroid gland and the basal metabolic rate had risen to 1 per 
cent above the average normal. Treatment was then discontinued and 
a third series of observations was made when the basal metabolic rate 
was minus 15 per cent. 

The slowing of the blood flow in myxedema was not entirely un- 
expected but the degree of slo\ving was striking, being almost as great 
as that observed in patients with rheumatic valvular heart disease and 
auricular fibrillation, who had previously suffered from severe circula- 
tory decompensation and showed symptoms or signs of congestive 
failure at the time of the test (7). The fact that the myxedematous 
patients showed no evidence of circulatory insufficiency with a speed of 
blood flow approximately the same as that of the latter group again 
emphasizes the fact that the question of whether a given speed of blood 
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flow is adequate can be decided only in relation to the metabolic needs 
of the tissues (1). 

None of the myxedematous patients showed evidence of cardio- 
vascular disease. Zondek (9), Assmann (10), Fahr (11) and others 
have described a form of heart failure characteristic of myxedema which 
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Fig. 2. The Relation Between Percentage Variations in the Basal jMet- 
A 30 LIC Rate and the Velocity of Blood Flow Through the Lungs in 

Patient E.S. 

Desiccated thyroid gland was given during the first 24 days of observation. The 
third pair of observations was made after thyroid medication had been discon- 
tinued. The circles denote observations of the basal metabolic rate, the solid dots, 
observations of the velocity of blood flow through the lungs. 

is alleviated only by thyroid therapy. On the other hand, Means, 
WTiite and Krantz (12) in a study of 48 patients with myxedema en- 
countered but one such case. Willius and Haines (5) in 162 cases 
found no evidence of heart failure or organic cardiovascular disease that 
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could be attributed to the presence of myxedema, and Christian (13) 
similarly states he has never observed the condition. 

More numerous examples of the opposite course of events are 
available, namely, thyroid therapy precipitating circulatory insuffi- 
ciency rather than alleviating it. Swan (14) has reported the case of 
a patient with myxedema in whom fibrillation of the auricles appeared 
whenever thyroid substance was administered, the heart action re- 
turning to normal whenever the drug was discontinued. Read (15), 
and Means, White and Krantz (12) have reported cases in which the 
administration of thyroid substance caused attacks* of angina pectoris; 
and Sturgis and Whiting (16), and Pratt and Morton (17) observed 
cases in which at each attempt to give thyroid gland, the signs of con- 
gestive failure appeared. Christian (18) has laid particular emphasis 
on the danger of increasing the heart action of certain myxedematous 
patients by thyroid gland medication. 

The results of our studies offer a rational explanation for these 
clinical manifestations of cardiac insufficiency following thyroid gland 
therapy. The great increase in blood velocity that occurs when the 
metabolic rate is raised to normal necessitates a conspicuously in- 
creased amount of work by the heart. Because of this and because the 
metabolic needs of the myocardium have risen along with those of the 
rest of the body, the blood supply to the heart must be increased. 
With the frequent occurrence of hypertension and arteriosclerotic 
narrowing of the coronary vessels noted by Fishberg (19) and others 
in cases of myxedema, the necessity for cautious administration of 
thyroid substance and the frequent advisability of previous digitaliza- 
tion is apparent. 

A comparhon of changes in the pulse rate^ in the basal metabolic rate, 
and in •uelocity of blood flow in myxedema and thyrotoxicosis. In this 
and the preceding communication (1), attention has been directed to 
the relation between the clinical findings and the measurements of the 
velocity of blood flow and related aspects of circulation. In the follow- 
ing more general treatment of the data, the relation between changes 
in the velocity of blood flow, in the pulse rate and in the basal met- 
abolic rate in myxedema and thyrotoxicosis will be compared. 

In figures 3, 4 and 5 each dot represents an observation in a patient 
either before or after treatment. The results that approadi normal 
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values represent findings in thyrotoxic patients after thyroidectomy or 
in myxedematous patients after thyroid substance had been ad- 
ministered. 

The relation between the basal metabolic rate and the pulse rate. Figure 
3 shows the relation between the pulse rate and the basal metabolic 



Fig. 3. The Relation Between the Pulse Rate and the Basal Metabolic 
Rate in Patients with Myxedeata and Thyrotoxicosis 
The observations that approach normal in this and the following jfigures repre- 
sent findings in thyrotoxic patients after th3’’roidectomy or in myxedematous 
patients after thjToid substance had been administered. 

rate in patients with myxedema or thyrotoxicosis both before and 
after treatment. While a general correlation is apparent, the varia- 
tions of individual measurements are considerable. A similar relation- 
ship between the basal metabolic rate and the pulse rate has been noted 
by Sturgis and Tompkins (20) in patients with thyrotoxicosis and by 
Minot and Means (21) in patients Avith chronic leukemia. The ob- 
served variations are probably due to the fact that in order to increase 
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the minute volume output of the heart to meet increased metabolic 
demands both the stroke volume and the number of beats per minute 
are increased but in varying proportion in different patients. Similar 
variations in response can be observed in normal persons performing 
a standard exercise test (22). 

The relatiofi between the pulse rate and the velocity of blood How through 
the lungs. The relation between the velocity of blood flow through the 
lungs and the pulse rate (fig. 4) shows considerable variation, but is 



Fig. 4. The Relation Between the Pulse Rate and Percentage Variations 
IN THE Velocity of Blood Flow Through the Lungs 

closer than that between the basal metabolic rate and the pulse rate. 
This is in accord with what occurs in normal subjects (6). Of 58 
normal subjects studied, the ventricular rate was above 90 per minute 
in 10, while it was below 70 in 8. The ventricular rate of the former 
group averaged 97 per minute and the pulmonary blood velocity 
averaged 29 per cent above the average normal, while the ventricular 
rate of the latter group averaged 65 per minute and the pulmonary 
blood velocity was 4 per cent below the average normal. 
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The relation iehaeen the basal metabolic rate and the velocity of blood 
flow through the lungs. The relation between the basal metabolic 
rate and the velocity of blood flow through the lungs is close and shows 
relatively few variations (fig. 5). This close parallelism between 
velocity of blood flow and metabolism is further evidence that the 
velocity of blood flow is a fundamental characteristic of the circulation. 
Comparison of the relation between the velocity of blood flow and the 



Fig. 5. The Relation Between Percentage Variations in the Pulmonary 
Blood Velocity and Basal Metabolic Rate in Patients with Myxedema 

AND Thyrotoxicosis 

basal metabolic rate in myxedema and thyrotoxicosis affords additional 
evidence that the increased velocity of blood flow through the lungs 
in thyrotoxicosis is due to the elevated metabolism rather than to a 
specific toxic effect on the heart. The relation between the basal 
metabolic rate and the velocity of blood flow is a simple linear one. 
(See fig. 5.) If the mean increase in the velocity of blood flow in 
thyrotoxicosis were due to a specific toxic effect, the line representing 
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the relation between the velocity of blood flow and basal metabolic 
rate would assume a different direction from that for myxedema. The 
fact that the slope is a continuous one is indirect evidence that the 
increased blood velocity in thyrotoxicosis is due to the increased basal 
metabolic rate. 

It should be noted that a given percentage increase or decrease in the 
basal metabolic rate is accompanied by a far greater percentage change 
in the velocity of blood flow. This finding is in accord with observa- 
tions on the relation between the minute volume output of the heart and 
the basal metabolism in myxedema and thyrotoxicosis (23, 24, 25, 26). 
This does not necessarily mean that there is a disproportionately in- 
creased velocity of blood flow in thyrotoxicosis, or a disproportionate 
decrease in myxedema, for the comparison involves two different 
phenomena which are expressed in totally dissimilar units. The 
results demonstrate, however, the close interrelation between the two 
fundamental physiological characteristics, blood flow and metabolism, 
and throw additional light on the degree, manner, and results of 
changes in the circulation associated with increased and decreased 
metabolic rates. 

SUMMARY 

1. Sixteen series of measurements were made in 7 patients with 
myxedema in order to correlate the clinical manifestations with 
changes in the velocity of blood flow, basal metabolic rate, pulse rate, 
plasma volume, venous and arterial pressures, respiratory minute 
volume and vital capacity of the lungs. 

2. In each patient measurements when the basal metabolic rate was 
low were compared wth subsequent measurements when the basal 
metabolic rate had been elevated to normal by appropriate doses of 
thyroid gland by mouth. 

3. The plasma volume per kilogram of body weight was low and 
tended to increase on administration of thyroid gland. 

4. The pulse rate was low and bore a rough relationship to the basal 
metabolic rate. As the metabolism rose the pulse rate approached 
normal. 

5. The venous pressure was within the limits of normal in all 7 
patients. 
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6. The vital capacity of the lungs was strikingly diminished in 
all subjects in the absence of any signs of congestive heart failure and 
did not show significant change following treatment. The e.\tent of 
diminution in the vital capacity was not closely related to the degree of 
lowering in the basal metabolic rate. 

7 . The respiratory minute volume was decreased before treatment 
and always rose significantly as the basal metabolic rate increased. 

8. The velocity of blood flow was strikingly slow in every subject 
and corresponded closely with the degree to which the metabolic rate 
was lowered. After taking thyroid gland by mouth, the rise in the 
metabolic rate and the increase in the velocity of blood flow to normal 
took place simultaneously and closely paralleled each other. 

9. The slowing of blood flow in myxedema was almost as great as 
that observed in patients with rheumatic valvular heart disease with 
auricular fibrillation and s3Tnptoms and signs of congestive failure. 
None of the myxedematous patients showed clinical evidences of 
cardiovascular disease. 

10. The great increase in velocity of blood flow and consequent in- 
creased cardiac work that occurs when the basal metabolic rate is 
raised to normal affords a rational explanation of the clinical mani- 
festations of cardiac insufficiency which occur not infrequently follow- 
ing thyroid gland therapy in myxedema. 

11. The changes in the pulse rate, basal metaboUc rate and velocity 
of blood flow in myxedema are compared to those previously reported 
in thryotoxicosis. The comparison indicates that the increased velocity 
of blood flow in thyrotoxicosis is due to the increased basal metabolic 
rate rather than to a specific toxic effect on the heart. 

12. The findings emphasize the close interrelation between blood 
flow and metabolism and throw additional light on the degree, manner, 
and results of changes in the circulation associated with increased and 
decreased metaboHc rates. 

ABSTRACTS OE HISTORIES AND PHYSIC.AL EXAMINATIONS OF PATIENTS 

WITH MYXEDEMA 

E. St. entered the hospital because of weakness. For two years before admission 
she noted that she thought and acted in a much more retarded manner than formerly. 
She had gained considerable weight, and her hair had become dry and brittle. One 
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year before admission, hearing became impaired and the voice became husky. 
She began to be very sensitive to cold, and required much clothing even in the 
wvmest weather. On physical examinalion the complexion was pasty, speech 
thick and slow, the hair sparse and dry, the skin dry, scaly, thickened, the con- 
junctivae and mucous membranes pale, and the tongue thick and large. The 
heart was not enlarged. The ventricular rate was 60 per minute, the blood pres- 
sure 100 mm. Hg systolic and 60 mm. Hg diastolic. The basal metabolic rate was 
minus 24 per cent and minus 22 per cent on the 3rd and 6th of December, re- 
spectively. Thyroid gland medication was given from December 6 to December 
28, 1927. During this period she received a total of 11.8 grams of desiccated 
thyroid gland. The basal metabolic rate on December 29 was plus 1 per cent, 

M. K. had suffered from increasing weakness and easy fatigability for one year. 
Ten months before admission to the hospital she noticed puffiness of her face, and 
dryness and roughness of the skin. She also became increasingly sensitive to cold 
weather. For three months she had noticed that she spoke slowly and that her 
memory had become distinctly impaired. Physical examination showed a puffy 
and pasty face; gray, coarse, dry hair; dry scaly skin; thickened lips; moderately 
advanced generalized arteriosclerosis; no cardiac enlargement, a ventricular rate of 
70 per minute. She talked very slowly. The blood pressure was 130 mm. Hg 
systolic and 90 mm. Hg diastolic. The basal metabolic rate was minus 18 per 
cent on March 13, A total of 11.6 grams of desiccated thyroid gland was given 
from March 15 to March 26. The basal metabolic rate on the latter date was plus 
6 per cent. 

M. G. had been treated for myxedema for about five years but six months before 
our observations she stopped taking thyroid extract. Soon thereafter she de- 
veloped weakness, puffiness of her face and extreme sensitivity to cold. Physical 
examination showed a well nourished, middle aged woman, with slow deliberate 
speech; dry, sparse hair; dry, thickened, pasty skin; puffiness under eyes; normal 
sized heart, with a rate of 60 per minute. The blood pressure was 130 mm. Hg 
systolic and 80 mm. Hg diastolic. The basal metabolic rate was minus 25 per cent 
on February 20. Thyroid gland medication was given from February 24 to March 
6. During this period she received a total of 12.0 grams of desiccated thyroid 
gland. The basal metabolic rate on March 6 was minus 3 per cent. 

R. F. entered the hospital because of weakness, dizziness and headaches. She 
had suffered from weakness for one year before admission. About ten months 
before admission she became very sensitive to cold. Two months before admission 
she noted increasing dryness of the skin and puffiness of the face. During the week 
preceding entry to the hospital she had experienced almost constant headache and 
dizziness. Physical examination showed an obese, middle aged woman, with dry 
coarse hair, puffy face, slow halting speech, dry thick skin, large dry tongue and 
pads of fat over the clavicles, shoulder blades land hips.. The heart was not 
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enlarged. The ventricular rate was 58 per minute and the blood pressure was 95 
mm. Hg systolic and 65 mm. Hg diastolic. The basal metabolic rate was minus 24 
per cent. Thyroid gland medication was given from October 4 to October ^6. 
Twelve and eight tenths grams of desiccated thyroid gland were given. The basal 
metabolic rate on October 27 was plus 14 per cent. 

S. i\L had suffered from fatigue, lack of ambition, irritability and numbness of 
fingers and toes for five months. During the four months preceding her entry into 
the hospital she gained weight steadily without eating more than usual. Her skin 
had become thick and dry, and she became very sensitive to cold. Two months 
before admission her hair began to fall out and her irritability of temperament 
increased, so that she found it hard to get along with people. On* physical ex- 
amination she showed a dry, thickened, sallow skin; gray, scanty, dry hair; a heart 
rate of 60 per minute, and a blood pressure of 120 mm. Hg systolic and 70 mm. Hg 
diastolic. The basal metabolic rates were minus 24 per cent and minus 2 1 per cent 
on February 18 and 21, respectively. Thyroid gland medication was begun on 
February 21 and ended on March 14. She received a total of 1 1.3 grams of desic- 
cated thyroid gland. On March 15, the basal metabolic rate was minus 1 per cent. 

M. iM. had been treated for myxedema for one year. Thyroid gland taken by 
mouth relieved all symptoms but on cessation of medication five months before 
entry she gained weight, and became very sensitive to cold. She noted puffiness 
of the face and tired easily. Physical examination showed an obese, middle aged 
woman with pasty complexion, puffy face, slow mentality and slow speech. Her 
hair was dr^'', coarse, and very scanty. The skin was thickened and had a peculiar 
waxy appearance. The heart was of normal size, with a ventricular rate of 70 per 
minute. The blood pressure was 115 mm. Hg systolic and 70 mm. Hg diastolic. 
The basal metabolic rate was minus 33 per cent on March 27. Thyroid gland 
medication was given from March 28 to April 16. She received a total of 16.4 
grams of desiccated thyroid gland during this period. The basal metabolic rate 
was exactly the average of normal on April 16. 

E. Sa. entered the hospital because of excessive gain in weight, constipation, 
anore.xia, and dry hair and skin. She had been feeling well until three months 
before admission when she began to suffer from obstinate constipation and loss of 
appetite. She continued to gain weight, however. Then she noted that her hair 
and skin were getting drj% and that her hair was falling out rapidly. Physical 
examination showed obesity, with fat pads over her clavicles, scapulae and hips; a 
tliickened drj^ skin, and coarse, sparse, dry hair; a normally sized heart with ven- 
tricular rate of 70 per minute and blood pressure of 100 mm. Hg s>"5tolic and 70 
mni. Hg diastolic. The basal metabolic rate was minus 25 per cent and minus 23 
per cent on February 29 and ^ larch 2, respectively. Thyroid medication was 
started on March 6, and omitted on March 26. She received a total of 20.0 
grams of desiccated thyroid during this period. The basal metabolic rate on 
March 26 was minus 2 per cent. 
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THE DIAGNOSTIC VALUE OF DETERMINATIONS OF PEPSIN 
IN GASTRIC JUICE 
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In previous papers (1) we described a method for the measurement of 
pepsin in gastric juice and reported the results of determinations made 
at frequent intervals before and after stimulation of the stomach 
secretions by histamine. It was shown that the concentration of 
pepsin falls after stimulation although the total output of ferment is 
increased at the height of secretion. It was also pointed out that the 
curve of pepsin concentration closely parallels that of nitrogen con- 
centration. Finally, a few cases of anacidity were reported in which, 
however, pepsin was still demonstrable. 

In the previous communication* the general range of pepsin output 
was indicated but not enough cases had been studied to set actual 
standards. The present paper deals with an analysis of a larger series 
of observations and with the diagnostic implications derived therefrom. 

material and methods 

Forty determinations were made on thirty-six hospital patients. 
Of these, twenty-one showed no evidence of disease of the stomach 
and were essentially normal people, five had duodenal ulcer, one had 
gastric ulcer, five had cancer of the stomach, two had pernicious 
anemia, one had sprue and two had anacidity for which no explanation 
was found. The determinations were made by the method previously 
described (2) on samples of gastric Juice collected over ten-minute 
periods after histamine s timulation . The results are recorded in terms 
of milligrams of edestin digested by 1 cc. of gastric juice. 

RESULTS 

Chart 1 shows the shape of the curves of pepsin concentration and 
of total output of pepsin per ten-minute period after histamine stimula- 

107 



108 


DETERMINATIONS OF PEPSIN 


tion in a normal person. We wsh to emphasize the fact that concen- 
tration falls whereas total output increases at the height of secretion. 



Chart 1. Curves of Pepsix Coxcextratiox and of Total Output of Pepsin 

AFTER HiSTAIOXE StDXULATIOX IK A NOjEOLIL PerSOK 

It is evident, therefore, that in comparing the digestive power of 
gastric juice from various people the specimens which are tested must 
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TABLE I 


Pepsin output and other data concerning cases studied 


Name 

LUgnods 

Maximum 
lO-minute 
volume of ‘ 
secretion 

Maxi* 
num free 
HCl t 

Maxi- 
mum _ 
:otai add 

Concentra- 
tion of fer- 
ment at 
height of 
secretion 
(mgm. 
edcstin 
digested by 
Icc.) 

Total diges- 
tive power 
of 10-minute 
secretion 
(mgm. 
edestin) 

Da 

Unexplained anacidity 

cc. 

3 

0 


0 

0 

Sal 

Carcinoma of stomach 

5.5 

0 


21 

US 

La 

Pernicious anemia 

5.5 

0 


33 

188 

Ha 

Pernicious anemia 

4 

0 


85 

240 

Zi 

Carcinoma of stomach 

4 

0 


66 

264 

Sch 

Carcinoma of stomach 

5.5 

0 


57 

285 

Cr 

Carcinoma of stomach 

6 

0 


157 

1,413 

Gi 

Unexplained anacidity 

4 

0 


1,088 

3,800 

Ga 

Sprue 

17 

60 

70 

272 

4,624 . 

Fi 

Carcinoma of stomach 

15 

1 29 

42 

j 1,080 

15,130 

A1 

Unexplained subacidity 

16 

' 11 

32 

1,325 

15,900 

FI 

Gastric ulcer 

32 

94 

106 

530 

16,960 

Mo 

Normal 

27 

105 

1 111 

674 

18,200 

Ru 

Normal 

27.5 

86 

102 

628 

17,270 

Ohr 1 

Normal 

19 

126 

138 

860 

18,540 

Tal 

Duodenal ulcer 

55 

128 

,133 

350 

19,200 

Lord 

Normal 

26 

135 

145 

750 

19,500 

Pu 

Duodenal ulcer 

45 

142 

148 

462 

20,800 

Ros 

Duodenal ulcer 

38 

135 1 

140 

570 

21,680 

Cl 

Normal 

25 

66 

79 

1,164 

23,280 

Rob 

Normal 

38 

122 

125 

660 

25,100 

Vi 

Normal 

32 

117 

124 

899 

28,780 

Hu 

Normal 

44 

97 

102 

668 

29,400 

Po 

Normal 

42 


mem 

720 

30,240 

McI 

Normal 

26 


mSi 

1,242 

.32,292 

Sc 

Normal 

47 


mm 

853 

34,400 

We 

Normal 

30 


mm 

1,204 

36,100 

McK 

Normal 

48 



800 

38,400 

Ts 

Normal 

24 


HI 

1,623 

38,952 

Hu 

Normal 

43 

91 

100 

955 

41,000 

Pe 

Normal 

21,5 

120 

128 

2,219 

47,650 

Ha 

Normal 

39 

128 

132 

1,248 

48,750 

Wa 

Normal 

42 

134 

141 

1,181 

50,100 

Jo 

Duodenal ulcer 

49 

131 

138 

1,100- 

53,900 

Sa 

Normal 

44 

88 

95 


112,400 

Val 

Duodenal ulcer 

84 


146 


210,000 
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represent similar points on the curve of secretion; it would obviously 
be useless to compare samples taken at random. In the present 
observations we have compared the digestive power of the total juice 
put out by various people during a ten-minute period at the height of 
secretion after a standard and powerful stimulus (histamine). This 
presumably gives the maximum rate of pepsin secretion of which the 
stomach in question is capable. The concentration of ferment (amount 
of edestin digested by 1 cc. of juice) was estimated on the same 
specimens. 

The rate of pepsin secretion 


Table 1 shows the cases arranged in series according to total output, 
i.e., rate of secretion of pepsin. The concentration of pepsin is also 


[UHj 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■1 



m 










S 

H 

K 










■i 


1 














i 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 


Chart 2. Range of Pepsin Output in Norhals and in Patients with 

Diseases of the Stohach 


recorded. A sharp line of demarcation can be drawn between the 
normals and the patients with ulcer on the one hand and those with 
diseases such as cancer, gastritis and pernicious anemia on the other. 
No normal person digested less than 16,000 mgm. with the maximum 
ten-minute output of gastric juice; no one with cancer, gastritis or 
pernicious anemia digested over 16,000 mgm. The relations are 
showTi graphically in chart 2. The normal range, which coincides 
closely with that shown by the peptic ulcer cases, varied from 18,200 
mgm. to 112,400 mgm. The e.xtremely high output of pepsin in Val. 
(210,000 mgm.) is associated with the remarkable volume of secretion 
(84 cc.) w'hich is nearly double the usual ma.ximum. All but one of the 
juices from normals digested from 18,000 to 54,000 mgm. of edestin. 
Turning now’ to the abnormal cases w'ith low pepsin outputs it is of 
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interest that in only one of eleven cases was it impossible to demon- 
strate the secretion of some pepsin even though the amount was small. 
Eight of these people failed to secrete free HCl (tested by dimethyl) 
even after histamine stimulation. It appears, then, that pepsin meas- 
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Chakt 3. Relatio.v of Output of Pepsin (Rate) to Concentration of 

Pepsin 


urements furnish a more delicate indication of deficiency of gastric 
secretion in some cases than determinations of acid, a consideration 
• which may have some practical application. 
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determinations of pepsin 


The concenlration of pepsin in the gastric juice 

A consideration of the values for the concentration of pepsin set 
down in table 1 shows these figures to be of much less practical sig- 
nificance than the total rates of secretion. Both normal patients 
and those with advanced disease of the stomach showed high and low 
concentrations of pepsin; in only a few cases of cancer and gastritis 
were the values very much below those encountered in normals. There 
is, however, a general relationship between rate of pepsin secretion and 
concentration insofar as when the rate was great the concentration 
was usually high also (see chart 3). 
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Chart 4. Relation of Concentration of Pepsin to Titr»\table Acidity 

Relation of acidity to output of pepsin 

A study of chart 4 in which the pepsin concentration is plotted 
against the titratable acidity reveals an interesting lack of correlation 
between the two. The cases with anacidity all showed low outputs of 
pepsin although the concentration of ferment was fairly high in some 
(see table 1), but it is evident that aside from such stomachs as are 
the seat of very extensive lesions pepsin is secreted without close re- 
lationship to acid. The whole subject of the secretory relationship 
of the various constituents of the gastric juice is not completely 
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understood as yet, but observations being made in our laboratory 
indicate that separate mechanisms control the secretion of water and 
of chloride as well as of ferment. The point is well illustrated by 
cases A1 and Fi (table 1), who, with greatly reduced secretion of acid 
put out practically normal amounts of ferment. Gi, also, with no 
secretion of free HCl put out pepsin in normal concentration although 
the total quantity was low. The correlation of these relationships 
with exact histological studies would be of great value. 

SUMMARY 

The concentration and total output of pepsin have been studied in a 
series of normals and in people with various gastric lesions. It was 
found that in normals the maximum ten-minute volume of stomach 
juice digested from 16,900 mgm. to 112,400 mgm. of edestin. The 
ulcer cases fell within the same general range. In people \vith per- 
nicious anemia, cancer of the stomach, and severe gastritis, the pepsin 
output was diminished, in some cases to extremely small amounts, 
but in only one person was pepsin completely undemonstrable. No 
correlation was found between pepsin output and acidity and it is 
suggested that the secretory mechanisms of the tw’o are independent. 
Finally, it seems that very low pepsin output is a more delicate index 
of gastric damage than low add values. 

BIBLIOGRAPHY 

1. Polland, W- S., and Bloomfield, A. L., J. Clin. Invest, 1929, vii, 57. Quan- 

titative ileasurements of Pepsin in Gastric Juice Before and After Histamine 

Stimulatioa. 

2. Polland, W. S.. and Bloomfield, A. L., J. Clin. Invest., 1929, vii, 45. A 

Quantitative Method For the Estimation of Pqssin. 




OBSERVATIONS ON THE SURFACE CAPILLARIES IN MAN 
FOLLOWING CERVICOTHORACIC SYMPATHETIC 
GANGLIONECTOMYi 

By GEORGE E. BROWN* 

[From the Division of Medicine^ The Mayo Clinic^ Rochester^ Mhi7iesola) 
(Received for publication February 3, 1930) 

In the last decade, an impressive amount of evidence has accumu- 
lated to indicate that the capillaries are capable of changing their 
caliber as a response to nervous impulses, independently of the 
arterioles; that is, that their r61e under certain conditions is active 
rather than passive. Rouget, in 1873, was the first to present ana- 
tomic evidence of the presence of branched cells, which he assumed 
were contractile, on the endothelial walls of the capillaries. Vimtrup 
(1922), in Krogh’s laboratories, has made histologic studies confirma- 
tory of Rougeris work. The presence of contractile cells on the walls 
of capillaries has been shown in most tissues of mammals, also in 
birds, reptiles, and fishes, and more recently, in many tissues in man. 
Histologic proof is not complete, as contraction of capillaries has been 
demonstrated in the absence of Rouget cells. Clark and Clark 
(1925) recently reported that they have not been able to find contrac- 
tile cells in the capillaries in tadpoles. Stohr (1926) was only rarely 
able to demonstrate nerve fibers to the capillary endothelitun. Ana- 
tomic researches by Vimtrup (1923) on diverse tissues of the human 
being, including the cutaneous capillaries and venules, .have shown 
the existence of contractile or Rouget cells. Schaley has demonstrated 
their presence in tissues in the eye of the human being, Beale, in 1860, 
and Glaser, in 1920, demonstrated in some organs in certain mammals 
that the capillaries are accompanied by fine, nonmedullated nerve 
fibers paralleling the capillary. Their connection \vith the wall of the 
capillary also has been demonstrated in tissues from some regions. 

1 Read before the Central Society for Clinical Research, Chicago, November 
22, 1929. 

^ With the technical assistance of Grace M. Roth. 
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The existence of vasomotor fibers to the cutaneous capillaries remains 
yet to be proved, but as Krogh stated, present histologic methods are 
probably not yet sufficiently refined to delineate such small sympa- 
thetic fibers. Krogh's classical researches on the physiology, and 
more especially on the number and size of capillaries, in a given unit of 
tissue has given further impetus to investigation of and information 
on their autonomous behavior. From the e.xperimental standpoint, 
then, it can be stated that there is much anatomic and physiologic 
proof to indicate an independent capillariomotor mechanism, under 
control of vasomotor nerves, and subject to vasodilator and vaso- 
constrictor influence. 

Several workers in this field, for instance, Kukulka (1920) and 
Redisch (1924), have advanced the theory that changes in caliber of 
the capillaries are due largely to chemical effects. This conception 
has been more extensively studied by Lewis and his associates. They 
believe there is a dilator substance present in the cells of the tissue, and 
that capillaries respond to certain forms of injury, including anoxemia 
and reactive hyperemia, in which there is liberation of a hypothetical 
dilating substance. These workers presented many convincing 
experiments and argimients. Krogh accepts this hypothesis, but 
advanced the opinion that more than one substance may be concerned 
in the reactions. Other investigators maintained that the change in 
the size of the capillary is due to variations in pressure dependent on 
the size of the arterioles. Kuntz (1929) recently summarized the 
subject by stating: “The data available at present do not afford an 
entirely adequate explanation of the caliber changes in the capillaries.” 

The effects of section of the sympathetic nerves and removal of the 
ganglions have been studied in the frog by several workers. The first 
effect is dilatation of the capillaries but the caliber is restored after 
a day, or restoration may be delayed for three months or longer. Even 
if dilatation of capillaries does not occur after sjonpathetic ganglionec- 
tomy, the state of the vessels is markedly modified, as shown by 
Drinker (1927) and Klrogh, Harrop, and Rehberg (1922). They 
found that section of the sympathetic nerves produces prompt dilata- 
tion of the arteries and arterioles but that dilatation of capillaries is 
delayed for twenty to thirty minutes. Gabbe (1926) demonstrated in 
frogs an increase in the number and size of capillaries in muscle after 
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division of the sympathetic nerves. Closure of the main arteries, and 
elimination of the effects of pressure, did not prevent this response. 
Conversely, it has been shown by many workers that stimulation of 
the sympathetic nerves produces arterial and capillary contraction, 
and there is much suggestive evidence that the contraction of arterioles 
and of capillaries are separate and independent. 

With the advent of operative measures in man, in which the sympa- 
thetic ganglions are removed, an exceptional opportunity has been 
afforded to study the effects of sympathetic ganglionectomy on the 
capillaries of the skin. It has been shown that following the removal 
of the cervicothoracic and second thoracic sympathetic ganglions in 
certain cases of Raynaud's disease, of thrombo-angiitis obliterans, and 
of scleroderma, dilatation of the arterioles of the skin takes place. 
This response has been measured by the increase which occurs in the 
surface temperature and by indirect methods for determining the 
volume of the flow of the blood. 

The present study was to determine by microscopic methods whether 
demonstrable variations in the size and number of capillaries follows 
sympathetic ganghonectomy. Twenty-four cases in which cervico- 
thoracic ganglionectomy was done by Adson and Craig are included in 
compiling this report. There were nine cases of Raynaud's disease; 
twelve cases of scleroderma, nine of which were of the vasomotor type; 
two cases of thrombo-angiitis obliterans in which there was a 
vasospastic disturbance, and one case of subacute arthritis, in which 
there were cold, moist extremities. 

METHODS^ 

The capillaries of the nailfold were examined with the capillary micro- 
scope; measurements were made by an eye-piece micrometer; the rates 
of flow were determined by stopwatch, and by measuring the length of 
the visible capillary loop the rate of flow in millimeters for each second 
was calculated. Rates of flow in the capillaries, in excess of 1.5 mm. 
for each second, are impossible to measure, and rates in excess of this 

* The preoperative and postoperative observations in all cases were made on the 
same finger and on the same group of capillaries. Drawings were made for purposes 
of identification. The measurements of the width of the capillary represent the 
width of the column of blood in the capillarj^; the wall of the capillary is invisible. 
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are indicated as simply more than 1.5 mm. for each second. Deter- 
minations of surface temperature were carried out Avith thermocouples, 
a method embracing an accuracy cf approximately 0.1°C.' 

• • 1^1 67.^3 ^ 5 * 



Fig. 1. Capillaries of the Nailfold in a Case of Adv^anced Raynaud's 

Disease 

The blood appears segmented. The loss of tone is evident in the marked dilata- 
tion of several capillaries. 


Raynaud^ s disease 

Raynaud’s disease, in a well developed form, is characterized by 
attacks of pallor or cyanosis in the hands and feet, and occasionally 
in other acral areas. An attack usually is induced by cold, less fre- 
quently by psychic stimulation, and the attendant phenomena have a 
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symmetric distribution. The majority of cases occur in young 
females, usually of asthenic build and vnth. other anatomic features of 
inferior constitution. The capillaries of the nailfold have been 
studied intensively in this disease by Parrisius (1921) and by Brown 
(1925). During the attacks of pallor the capillaries are incompletely 
filled, many loops are invisible, the flow of blood in the capillary loops 
ceases, and the blood which is visible has a cyanotic hue. The degree 
of pallor depends on the completeness of the constriction of the capil- 
laries and the small venules. All gradations in pallor, varying from 
death-like colorlessness to mild grades of pale cyanosis are observed. 
The transition from the stage of pallor to cyanosis is frequently imper- 
ceptible. There is gradual but incomplete relaxation of the arterioles, 
which previously have been contracted. Segments of cells pass into 
capillary loops and frequently retrograde flow from the venules is 
observed; the capillaries slowly dilate and become distended mth 
markedly cyanotic blood (fig. 1). More capillaries are opened. The 
stage of rubor, or recovery, which can be obtained by exposing the 
patient to elevated temperature, signalizes the relaxation of the 
arteriolar spasm, the resumption of rapid flow in the capillaries, and 
the transition of the cyanotic blood to blood of a bright red color; 
many capillaries become visible. 

In spite of many observations, on a large number of cases of Ray- 
naud’s disease, it has been impossible to state decisively whether or not 
the independent contraction or dilatation of the capillaries and of 
arterioles is based on a neurogenic mechanism. However, there is 
much to suggest that this mechanism exists. This much is certain; 
in the cyanotic stage of Raynaud’s disease, there is independent 
behavior of the arterioles and of the capillaries; the arterioles are 
somewhat contracted and the capillaries, dilated. It is a common 
clinical observation that in some subjects who have had attacks of 
Raynaud’s disease for many years, recovery of the “normal” color 
of the skin between attacks becomes increasingly difficult, and 
eventually the hands become more or less permanently cyanotic. 
Mild degrees of puffiness, or a nonpitting form of edema may super- 
vene. These observations suggest permanent impairment of tonus in 
the surface capillaries, which may be due to increased concentration 
of some vasodilating agent, perhaps a histamine-like substance, as 
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suggested by Lewis. The chemical factor apparently becomes pre- 
dominant and maintenance of tonus of the capillaries is seriously and 
perhaps permanently impaired. In the arterioles there is increased 
tonus, as is shown by the fairly constant low temperatures of the skin. 
There is disassociation of behavior of the arterioles and of the capillaries. 

There is every reason to believe that the basis of the vascular dis- 
turbance in Raynaud’s disease is due to increased stimulation of the 
sympathetic apparatus. This is manifested not only in the behavior 
of the surface vessels, but also in the sweat glands, as evinced by local 
hyperhidrosis. Information on the neurogenic basis of the vascular 
spasm in Raynaud’s disease is furnished by the frequent initiation of 
attacks by excitement and by psychic or emotional trauma. We have 
witnessed this in many instances; on our coming into the room to 
carry out venipuncture on these patients, attacks of pallor would be 
initiated before puncture of the skin had occurred. The recent work 
of Lewis (1929) seems to have thrown some doubt on the vasomotor 
basis of some cases of Raynaud’s disease. He is inclined to think, 
from his experiments, that there is a variety of Raynaud's disease 
which is due to some abnormality of the muscle of the small arterioles. 
The evidence presented, however, is not convincing, for his procedure 
for interrupting the vasomotor fibers to the fingers was by blocking the 
peripheral nerves with procaine. Such interruption may be far from 
complete. In the present state of knowledge, it is impossible to say 
that all of the sympathetic fibers are conveyed to the periphery 
through the spinal nerves. Many fibers may be conducted along the 
adventitial sheaths of the arteries. That this is probably true is borne 
out by the fact that occasionally the improvement obtained in cases of 
Raynaud’s disease by perivascular sympathetic neurectomy is only 
partial. The most convincing evidence concerning the vasomotor 
basis of Raynaud’s disease is the complete cessation of spasm in the 
surface vessels of the feet folloiving lumbar ganglionectomy. Many of 
these cases have been followed over periods of three or more years. 

In the advanced cases of Raynaud’s disease, changes in the capil- 
laries, followng cervicothoracic ganglionectomy, were fairly typical 
(table 1, fig. 2). There was decrease in the caliber of the capillaries in 
every instance, although moderate degrees of dilatation still persisted. 
The average decrease was from 0.07 to 0.03 mm. for the group. A 
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TABLE 1 

Observations on surface capillaries before and after sympathetic ganglionectotny in cases of 
Raynaud's disease 




Caliber of ' 

Open loops in 

Flow in 





visible 

each square 

capillary loop, 
nnllimcter for 




H 


millitneter of 


Comment 



(average) 

surface area 

each second 



8 

rt 

u 

d 

t4} 

< 

Before 

After 

Before 

After ; 

Before 

After 

Be- 

fore 

After 




mm. 

mm. 





“C. 

"C. 


1 

30 

0.08 

0.05 

5-10 

16-18 

0.09 

>1.5 

23.6 

27.8 

History of trouble for nine 


F. 









years, pallor, cyanosis, pain, 
minute dry ulcers 

2 

33 

0.08 

0.03 

8-10 

12-14 

0.019 

0.20 

22.8 

30.7 

History of trouble for seven- 


F. 









teen years, coldness, cyano- 
sis, pain, hyperesthesia, no 

1 ulcers 

3 

1 20 

0.05 

0.02 

10-12 

20-22 

0.004 

0.57 

23.2 

32.9 

History of trouble for four 


F. 





1 


1 

1 

years, pallor, cyanosis, pain 
in hands, no ulcers 

4 

40 

0.07 

' 0.03 

5- 6 

14-16 

0.06 

0.33 

23.7 

30.3 

History of trouble for six 


F. 


1 

j 


! 





years, pallor, cyanosis, 
ulcers, pain in fingers of both 
hands 

5 

26 

0.08 

0.05 

5- 6 

16-18! 

0.05 

>1.5 

20.6 

29.1 

History of trouble for seven 


F. 









years; attacks of extreme 
cyanosis of hands and feet, 
pain, ulcers, advanced case 

6 

25 

0.08 

0.03 

10 

15 

0.005 

>1.5 

27.4 

30.7 

Advanced case, cutaneous 


F. 









ulcers, pain, recovery of 
color difiicult to obtain 

7 

31 

0.05 

0.02 

8-10 

12-15 

0.005 

>1.5 

24.9 

34.1 

History of trouble for eighteen 


F. 









months, blanching, numb- 
ness, pain in fingers of both 
hands 

8 

30 

0.05 

0.02 

9 

' 12-15 

0.09 

>1.5 

30.5 

32.6 

> History of trouble for seven 


F. 









years, color-changes, ulcers, 
early scleroderma 

9 

35 

O.IC 

► 0.0' 

; 6- 9 

1 11-15 

; 0.002 

O.IC 

124.C 

128.6 

► History of trouble for two 


F. 









years, color-changes, pain, 
three ulcers of fingers with 
early sclerodermal changes 
in distal parts of fingers 


significant increase took place in the number of visible loops for each 
square millimeter of surface area of skin. The number of loops in 
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different given areas of* skin, before operation, varied from five to ten, 
and after operation, from twelve to twenty. This increase was noted 
in every case. There was definite change in the flow in the capillary 
loops. Instead of the broken, segmented, halting type of flow, the 



Fig. 2, C\pillakies of the Nailfold after SYiiPATHEXic Ganclionectomy. 
Same Group as ix Figure 1 

There is narrowing of the visible capillaries. Alore capillaries are visible. The 
dow is rapid and regular. 

flow was accelerated. Interruption and segmentation of the flow was 
unusual, and the color of the capillary blood at room temperature was 
bright red. The average value for the rates of flow in the capillaries for 
the group increased from 0.03 to a rate in excess of 0.95 mm, for each 
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second. When these patients were exposed to lowered degrees of 
local and environmental temperature (15 to 20°C.) the capillary flow 
was distinctly retarded. However, complete stasis, such as that 
which occurs with the slightest decrease in environmental temperature 
in cases in which operation is not done, was not observed. The in- 
creased surface temperature which occurs uniformly in these cases 
following operation and which averaged 6.2®C. for the entire group 
studied, inicates conclusively dilatation of the arterioles. The sub- 
papillary venules, which before operation were distended and intensely 
blue and contributed largely to the cyanotic color of the skin, became 
invisible. 

Scleroderma 

This group represents eight distinct and selected cases of scleroderma 
four of which were characterized by an early history of all the charac- 
teristic phenomena of Raynaud’s disease. Attacks of pallor and cya- 
nosis in the extremities, induced by cold, have been the rule. Follow- 
ing a variable period, the skin has become thickened, motion of the 
fingers has become impaired, and, as the disease has advanced, pigmen- 
tation, atrophy, and trophic changes have appeared. These changes 
have affected the hands in the greatest degree, and usually in lesser 
degree the arms, face, back, legs, and feet. The vasomotor phenome- 
non usually has continued to be present during the stage of the de- 
velopment of the scleroderma. Chronic cyanosis of the extremities, 
such as that seen in Raynaud’s disease, has been absent. Recovery 
from the attacks of spasm has been the rule. The studies of capil- 
laries in this group of cases have been carried out by Brown and 
O’Leary (1925) and they confirm the opinion held by Cassirer (1912), 
by Leriche and Fontaine (1927) and by others, namely, that there is 
a form of scleroderma which is probably secondary to vasomotor dis- 
turbances of the type seen in Raynaud’s disease. 

I have observed that the so-called clinical condition designated 
scleroderma is a cutaneous disturbance secondary to many diseases, 
and that it occurs in cases of thrombo-angiitis obliterans, chronic 
arthritis, Raynaud’s disease, and dermatomyositis. There is, no 
doubt, a primary form of scleroderma; four such cases were included 
in this series. 
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Examination of the cutaneous capillaries in the cases of scleroderma 
can be summarized. (1) There was a sharp diminution of the number 
of open capillaries for each unit area of skin. (2) Large, distorted, 
irregular, dilated capillary loops were present, the so-called giant 
capillaries. (3) Sharp slowing of the flow with slight change in the 

iVj rs c-t.DwItwq 
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MAYO CLINIC 

Fig. 3. Capillaries of the Na iifold in a Case of ScLEROOERiLv 
The capillary loop is large and distorted. There is marked decrease in the 
number of visible loops. 

environmental temperature took place. Stasis, with cyanotic capillary 
blood or irregular, intermittent flow could be induced easily by minor 
degrees of cold. (4) There was marked impairment in the trans- 
parency of the skin, which made impossible, with the best forms of 
illumination, clear definition of outlines of the capillaries; many of 
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TABLE 2 


Observaiions on surface capillaries before and after sympathelic ganglionectomy in cases of 

scleroderma 




Caliber of 
visible 
capillaries 
(average) 

Open loops in 
each square 
millimeter of 
surface area 

Flow in 
capillary loop, 
millimeter for 
each second 

Surface 

tempera- 

ture 

Comment 

Case 

1 ' 

Before 

After : 

Before 

After : 

Before 

After 

Be- 
fore ' 

After 




mm. 

mm. 





“C. 

*C. 


10 

36 

0.08 

0.03 

5-6 

7- 8 

0.11 

0.23 

22.4 

27.6 

Marked absorption of terminal 


F. 









phalanges 

11 

37 

0.07 

0.03 

5-6 

8-10 

0.05 

0.14 

25.2 

29.3 

Primary scleroderma, ulcers of 


M. 









finger tips, early changes in 
face 

12 

57 

* 

0.04 

3-4 

3- 4 

0.09 

t 

27.8 

32.4 

Advanced scleroderma hands 


F. 









and face, fixation of joints of 
hands, pigmentation, slight 
vasomotor disturbance 

13 

19 

* 

0.03 

3-4 

4- 6 


0.28 

25.1 

29.0 

History of trouble for nineteen 


F. 









years, vasomotor disturb- 
ance early in disease, ad- 
vanced scleroderma of hands 
and face 

I4I 

30 

0.10 

0.04 

4^6 1 

8-14' 

0.05' 

0.15 

23.0 

30.8 

History of trouble for two years. 


M. 









primary scleroderma, trophic 
ulcers over knuckles, early 
involvement of face 

IS 

41 

* 

0.03 

1-2 

6 

t 

t 

24.0 

32.4 

Primary scleroderma of hands, 


U, 









late vasomotor disturbances, 
pigmentation 

16 

56 

0.12 

0.04 

4-5 

7-9 

X 

t 

26.0 

33.4 

History of trouble for eighteen 


F. 









months, hardening of skin of 
hands, vasomotor disturb- 
ances consecutive with 
trouble, scleroderma fairly 
generalized, pigmentation 
marked 

17 

44 

o.oa 

1 0.03 

i 4-5 

7- £ 

; 0.03 

i t 

23.5 

;27.5 

i History of scleroderma for two 


F. 









years, consecutive fairly gen- 
eralized vasomotor disturb- 











ance 


* Impossible txi determine, 
t More than 1.5. 

X Slow and Indistinct. 
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TABLE 2— Concluded 




Caliber of 

Open loops in 

Flow in 

Surface 
' tempera^ 



V 

visible 

capillaries 

each square 
millimeter of 

capillary loop, 
millimeter for 



M 

■a 

c 

(average) 

surface area 

each second 

ture 

Comment 

t> 

rt 

CJ 

u 

tc 

< 

Before 

After 

Before 

After 


1^9 

Be- 

fore 

After 






■■ 




m 

m 


18 

24 

0.20 

0.06 

2-3 

3- 4 

t 

t 


m 

History of trouble for fifteen 


M. 









years, vasomotor disturb- 
ance of hands and feet, grad- 
ually developing sclero- 
dermal changes 

19 

34 

0.07 

0.04 

5-6 

7- S 

0.07 

t 

25.6 

30.6 

History of trouble for eight 


M. 









years, vasomotor disturb- 
ance of hands and feet, grad- 
ual sclerodermal changes 

20 

37 

0.11; 

0.05 

3-4 

10 

0.10 

t 

27.8 

38.2 

History of trouble for thirteen 


1 

1 


1 

1 



j 



i 

years, vasomotor disturb- 
ances of hands, scleroderma 
! of the fingers and arms and 
slight involvement of skin 
over face and neck, small dry 
ulcers of finger and of feet, 
pigmentation, mild Ray- 
naud^s disease 

21 

SO 

0.18 

0.05 

3-4 

8-10 


t 

21.5 

33.3 

History of trouble for one year, 


F. 









early trophic ulcers of fingers, 
partial fixation of joints, 
vasomotor disturbances 


the capillaries were seen as indefinite masses of erythrocytes. This 
diminished transparency of the skin was a fairly constant finding in 
the more advanced cases. 

After operation several changes were noted ftable 2, fig. 4). (1) 

There was definite narrowng of the lumen of the capillaries, averaging 
a decrease from 0.11 to 0.05 mm. (2) The number of open capillaries 
for each square millimeter of skin was increased appro.ximately 50 per 
cent. (3) The average rate of flow in the capillaries increased from 
0.07 to 1.05 mm. for each second. Stasis was not observ'^ed under con- 
trolled room temperatures, and the segmented or broken, interrupted 
tj'pe of flow, indicating arteriolar spasm, was much less striking or it 
had entirely disappeared. The capillary blood was red instead of 
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cyanotic, and (4) marked improvement in the visibility of the skin has 
been observed within five days after operation. The outlines of the 
capiUary loops were clearly made out, and their contours could be 
traced easily, and there was definite change in the form of the loops. 


Mrs it L. Dow'iflJ 06 



.MATO ciilNIG 


Fig. 4. Same Group of Capillaries as That in Figure 3 after Sympathetic 
Ganglionectomy 

There is an increase in the number of loops and a narrowing of caliber of the 
capillaries. The capillary flow is rapid and uniform. Marked increase in the 
transparency of the capillaries is seen. 


from an indefinite mass to a bizarre shaped loop with more clearly 
defined outlines. 

It was apparent that the overactive sympathetic vasomotor effects 
on the arterioles were diminished, as in the uncomplicated cases of 
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Raynaud’s disease, but not to the same degree. The changes in the 
transparency of the skin was of the greatest interest. Two possible 
factors may be responsible for this fl) With the acceleration of the 
flow in the capillaries and the probable improvement in permeability of 
the capillaries and metabolism of tissue, certain products or fluids may 
be removed from the cells in the skin, and (2) the brownish pigmenta- 
tion which is so commonly present may gradually diminish after opera- 
tion, thus altering the transparency of the skin. 

The surface temperatures were increased after operation in every case. 
The increase was gradual during the first week after operation. The 
increase, however, was not of the same magnitude as that which 
occurred in the uncomplicated cases of Raynaud’s disease, and 
averaged 5.6°C. for the group. This is easily understood when it is 
realized that in scleroderma there is organic quantitative diminution in 
the number of the cutaneous vessels and that new vessels do not open 
up in the short period of postoperative observation to the same degree 
as in Raynaud’s disease. The increase in the surface circulation was 
due to the removal of the overactive vasoconstriction of the arterioles 
and the increase in the number of open capillaries. 

T hroniho-angiitis oUiterans 

Two cases of thrombo-angiitis obliterans involving the larger 
arteries of the upper extremities were studied. Associated with the 
occlusive disease of the arteries was a vasospastic disturbance of the 
fingers, characterized by attacks of pallor and cyanosis following 
exposure to lowered temperatures. One or more of the palpable 
arteries of the wrist were occluded. The spastic disturbances were of 
great interest. They were undoubtedly secondary and due to the 
irritative inflammatory disease involving all coats of the arteries. 
Cases of thrombo-angiitis obliterans, %vith vasomotor disturbances, 
are very often erroneously diagnosed as Raynaud’s disease in the male, 
as has been noted by Buerger (1924) and by Allen and Brown ( 1927). 

The capillaries of the nailfold in the cases of thrombo-angiitis 
obliterans, with a secondary vasospastic disturbance, w^ere essentially 
different from those in cases of Raynaud’s disease (fig. 5). The capil- 
laries were less dilated, there was a larger number for each unit area of 
skin, and the disturbances of flow were not as pronounced or as easily 
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induced with cold as in the cases of Raynaud's disease. Intermittency 
of the flow, and complete stasis, was not the rule at room temperature. 
With lowered environmental temperature, mild grades of stasis of -the 
capillary flow were observed, many loops becoming invisible, and the 



Fig. 5. Capillaries of the Nailfold in a Case of Thrombo -angiitis Ob- 
literans Affecting the Hands 
There is slight dilatation of the capillaries and venules 

visible blood becoming cyanotic. Large, dilated, atonic capillaries, 
such as those observed at room temperature in well developed cases of 
Raynaud’s disease were not observed. The tonus of the capillaries 
seemed to be maintained better than in Raynaud’s disease. Fol- 
lowing cervicothoracic ganglionectomy, the surface temperature of 
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the fingers and hands were increased, indicating arteriolar dilatation. 
The surface capillaries were increased in number and for each unit area 
of skin (fig. 6). The rates of flow in the capillaries were probably accel- 
erated but they could not be measured accurately. With e.xposure to 



Fig. 6, Same Grout of Capillaries as ix Figure 5 
There is a marked increase in the number of visible capillaries and a slight 
lessening of the caliber. 

lowered en\aroninental temperature, stasis and intermittency of flow 
was much less noticeable. The changes in the surface vessels corre- 
lated well with the clinical improvement observed in these cases. 
Attacks of cyanosis and pallor disappeared, and there was a greater 
tendency of the hands to maintain a normal pink color. The rubor of 
the hands, while in the dependent position, was much less marked. 
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The changes that occur in the capillaries in cases of thrombo- 
angiitis obliterans are similar to, but less marked than, those which 
occur in Raynaud^s disease. The surface temperature increases 
sharply immediately after operation. This must be due to the 
decrease in the exaggerated vasoconstrictor tonus of the arterioles of 
the collateral circulation. 

TABLE 3 


Observations on surface capillaries before and after sympalhetic ganglioneclomy in cases of 
arthritis and thromho-angiUis obliterans 




Caliber of 
visible 
capillaries 
(averase) 

Open loops ia 
' each square 
: millimeter of 

1 surface area 

Flow in capillary 
loop, miUimeter 

1 for each second 

Surface 
terapera- 
j ture 

preopehative condition 

% 

o 

< 

1 

Before 

After 

Before 

After j 

Before 

After j 

Be- 

fore 

After 




mm. 

mm. 





*C. 

"C. 


22 

37 

0 . 03 ' 

0 . 03 ' 

14-16 

16-18 

>1.5 

>1.5 ’ 

23.3 

33,6 

Subacute arthritis, cold, 


F. 









clammy hands 

23 

35 

0.03 

0.03 

18-20, 

28-30 

>1.5 

>1.5 

25.6 

33. Oj 

Numbness for three months, 


U. 

1 









whiteness and cyanosis of 
fingers of right hand, con- 
tinual pain, ulcer on first 
finger, thrombo-angiitis 
obliterans 

24 

34 

0.03 

0.03 

18-20 

30-32 

0.18 

0.21 

26.7 

32.6 

Vasospastic disturbance in 


M. 









hands, radial and ulnar 
arteries occluded, thrombo- 
angiitis obliterans 


Arthritis 

The capillaries in one case of subacute arthritis have been studied 
before and after cervicothoracic ganglionectomy (table 3). The 
hands in many of these cases were cool, moist and mildly cyanotic. 
Excessive sweating of the hands and feet is the rule. There were no 
significant variations in the size and form of the capillaries of the nail- 
fold, and there was a normal number for the unit area of skin. The 
capillary flow was easily retarded by chilling. These observations 
constituted evidence of overstimulation of the sympathetic apparatus. 
In many respects the appearance of the capillaries of the nailfold 
was that observed in the so-called normal persons with moist, cool 
extremities. 
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The only significant change noted in the capillaries after operation 
was an increased number of capillaries for each unit area of skin. 
There was no measurable increase or decrease in the caliber of the 
capillaries. No variation in the flaw in the capillaries could be 
measured, both the preoperative and postoperative rates of flow being 
too rapid for measurement at room temperature. With lower environ- 
mental temperatures, fairly rapid rates of capillary flow were main- 
tained after operation. 

These observations in one case of subacute arthritis are contrary to 
what one would expect. Significant changes in the width of the 
capillaries could not be demonstrated. This was borne out by the 
normal pink appearance of the hands after operation. The significant 
effect of the operation, is the increased surface temperature of the 
hands. 


DISCUSSION 

Removal of the sympathetic ganglions in man does not induce 
dilatation of the cutaneous capillaries in the e.xtremities of the patients 
who have been studied. In cases of Raynaud’s disease there is loss of 
tonus of the surface capillaries, and their power of contraction is lost or 
greatly impaired later in the disease. In this disease there is loss of 
coordinate action between the arterioles and surface capillaries and 
venules. There is hypertonus of the arterioles, which is believed to be 
due to excessive stimulation of the sympathetic nerves, and there is 
hypotonus in the capillaries and venules which can be e.xplained on a 
chemical basis. Sjmpathetic ganglionectomy in man exerts its 
greatest effects on the arterioles. This can be graded by measuring the 
sharp and continued elevation of the surface temperatures and by 
determining the rate of elimination of heat. The color of the normal 
skin is due largely to the number and size of the surface capillaries and 
venules and to the color of the contained capillary blood. Cyanotic 
color of the skin indicates increased exposure of capillary blood con- 
taining an increased amount of reduced hemoglobin. The normal 
pink color of skin would signify a lesser number of capillaries, narrower 
lumens and blood with o.xj'gen saturation more closely arterial than 
venous. It follows, therefore, that when the 5>mpathetic vasomotor 
nerves are interrupted, and the skin changes from a cyanotic to a red 
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or pink hue, there must be two reactions in the surface vessels: 
lessened exposure of capillary Wood, either by lessening of the number 
of open vessels or decrease in their size, and change in the color of the 
capillary blood by increased rate of flow and resultant changes in its 
content of oxygen. After operation in Raynaud’s disease there is a 
measurable degree of narrowing of the capillaries, and acceleration of 
the capillary flow. These effects, we believe, are due to dilatation of 
the arterioles, with more rapid flow of bipod through the capillaries. 
This causes changes in the chemical environment and probably removal 
from the tissues of the hypothetic dilator substance. Crawford 
(1929) in a recent study, has shown that following experimental passive 
congestion in the capillaries of the ear of the rabbit, there is failure of 
these vessels to contract from sympathetic stimulation. Crawford 
advanced the opinion that the accumulation of some chlator substance, 
as suggested by Ebbecke (1923), Lewis (1929) and others, modifies 
capillary response. Krogh has noted that reactive hyperemia is 
induced not only when the flow of blood to a limb is entirely occluded, 
but also when it is reduced, as occurs in venous congestion. . Lewis has 
shown that dilatation of the cutaneous vessels is active and is not due 
to changes in pressure. , 'Such dilatation occurs in Raynaud’s disease, 
which simulates venous congestion in the surface vessels. Many 
explanations have been offered for phenomenon of dilatation, but 
none seems as convincing as tliat advanced by Lewis, that there is 
accumulation of a dilator substance.' The fact that the effects of 
sympathetic ganglionectomy on tlie capillaries and arterioles are 
opposed can be explained, I believe, only by a course of reasoning 
similar to that just explained. 

Following sympathetic ganglionectomy, in cases of- vasomotor forms 
of scleroderma, the capillaries are decisively changed. There is a 
decrease of 50 per cent in the width of the column of capillary blood. 
There still remains some dilatation, however, for the average width 
after operation is 0.05 mm., the normal being approximately 0.02 mm. 
The number of loops is increased, but not comparably to the increase in 
the cases of Raynaud’s disease. This is due to the fact that in sclero* 
derma there is a true organic decrease in the number of surface vessels. 
In four to six weeks after operation higher surface temperatures are 
present than one week after operation. This suggests that new vessels 
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gradually have opened. The improvement in the transparency of the 
skin is definite, and probably is an effect of improved ijmiphatic 
circulation with removal of fluids or other metabolic products from 
the skin. There is reason to believe that dilator substances play a 
part in these forms of scleroderma, but the number of capillaries is 
so reduced that their dilatation does not markedly affect the color of 
the skin. It seems likely that there is an additional factor in that the 
giant forms of capillaries, with marked distortion, represent compen- 
satory efforts to develop a collateral circulation in the skin. This 
may explain the residual dilatation which remains after operation. 

In the one case of arthritis, in which the patient could be considered a 
control or normal subject, the capillaries were of fairly normal tonus. 
After operation, no change in the caliber of the capillaries was found, 
increase in the mnnber of loops was not noted, and the color of the 
skin likewise did not change. The sole quantitative vascular change 
was that of arteriolar dilatation as measured by the increase in the 
surface temperature and in the rate of elimination of heat. These 
observations on capillaries of normal or increased tonus, which 
has been subsequently verified by similar observations in two other 
cases, indicate that in the skin of the human being the abolishment 
of sympathetic innervation seems to have no visible or measurable 
effect on the size and number of the capillaries. In this case, the 
color of the skin resumed a more normal pink, which was due to 
increased rapidity in the capillary flow. 

The impression gained by these studies is that in certain states of 
disease, in which the tonus of the capillaries was diminished, that of 
the arterioles was increased. Removal of the sympathetic ganglions 
has a paradoxic effect. There, tonus of capillaries is increased, and 
tonus of arterioles is decreased. The former effect can be explained on 
a chemical basis and the latter on the basis of direct response from 
dividing the vasomotor nerves. 


SUXnUVRY AND CONCLUSIONS 

Quantitative studies on the capillaries of the skin of human beings 
have been made both before and after cervicothoracic sjmpathetic 
ganglionectomy. Nine cases of advanced Raynaud’s disease, four 
cases of vasomotor forms of scleroderma, four cases of primary 
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sclerodenna, two cases of thrombo-angiitis obliterans, and one case 
of arthritis of the hands have been studied. 

The operation did not cause dilatation of the capillaries (the 
usual physiologic effect) in any case. On the contrary, there was 
consistent narrowing of the dilated atonic capillaries in Raynaud^s 
disease, and an increase in the number of visible capillaries. This 
could be explained on the basis of a diminished concentration of a 
theoretic chemical dilator substance in the tissues. 

Follo^ving sympathetic ganglionectomy in eight cases of vasomotor 
and primary forms of scleroderma, there was definite reduction in the 
caliber of the capillaries. The number of open capillaries for each 
square millimeter of skin increased. There was quantitative evi- 
dence of arteriolar dilatation and lessened response on the part of 
these vessels to cold. Clinical improvement of some degree occurred 
in every case. 

In the cases of thrombo-angiitis obliterans and arthritis, in which 
the capillaries were of fairly normal caliber and tonus, following opera-, 
tion no change in the width of the capillaries was noted. The inter- 
mittent slow flow of cyanotic capillary blood changed to one that was 
rapid, regular, and of normal color. The number of open capillaries 
was increased. 

The major effect of sympathetic ganglionectomy is exerted on the 
arterioles. There is a sharp, maintained increase in the surface 
temperature of the skin of the hand in every case. These studies add 
some confirmation to the opinions of those who hold to the importance 
of chemical factors in modifying tonus in the capillaries of the skin of 
human beings. Chemical control of these vessels seems, under certain 
conditions, more effective than nervous control. 
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ICTERUS NEONATORUM 


m, The Oxygen Capacity and Saturation of the Mother 
AND Foetus^ 

By ALTON GOLDBLOOM and RUDOLF GOTTLIEB 
(Prom the McGill University Clinic^ Royal Victoria Hospital, Montreal) 
(Received for publication March. 22, 1930) 

In our first communication on this subject (1) we concluded that 
‘‘Icterus neonatorum is a physiologic condition, which is the result of 
a post-natal readjustment from an environment requiring the presence 
of polycythaemia, for the maintenance of oxygenation, to one in 
which no such extraordinary measures are necessary. Icterus is 
present in all infants, visibility being only a matter of degree,” 

In our second study (2) we succeeded in producing polycythaemia, 
and later icterus, in guinea pigs, after keeping them in a chamber under 
reduced atmospheric pressure. Very soon after the animals were 
removed from the low pressure chamber they all showed positive 
indirect Van den Bergh reactions, and increased icteric indices. These 
findings, just as in new born infants, coincided with the reduction of 
the polycythaemia. We had thus succeeded in producing experi- 
mentally, in animals, an icterus in which the antecedent causes were 
analogous to the conditions under which, in our opinion, icterus 
neonatorum appeared. 

We had some evidence to warrant the assumption that the foetus 
lived in a condition of relative oxygen unsaturation. The polycy- 
thaemia itself, the large number of immature red cells, and the 
anatomy of the foetal circulation in which the bulk of the circulating 
blood is mixed, venous and arterial, all pointed towards this conclusion. 
We felt, therefore, that in order to complete our chain of evidence, it 
was essential to study the oxygen capacity and saturation in the 
mother and the foetus. 

^ This research was made possible through the kind generosity of Mr. Ernest 
Rossiter. 
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Studies of this nature have already been made in goats by Huggett 
(3). He has sho\ra that the oxygen saturation of the arterial blood of 
the goat foetus is much lower than that of the mother. No human 
studies have ever been made. 

We first studied twenty cases in which the labour was normal, or 
required only slight obstetrical aid, such as low forceps. In none of 
the cases studied did the child require any special methods for the 
initiation of pulmonary respiration. In addition, studies were made 
in five cases of cesarean section. The o.xygen capacity and saturation 
were estimated by the Van Slyke method (4). The foetal blood was 


TABLE 1 

Patients delivered xvith chloroform anaesthesia 


Case 

Foetus 

I Mother 







Anaesthetic 

Mode of delivery 

number 

Os capacity 

Os satura- 
tion 

Os capacity 

Os satura- 
tion 


toiutncs 
per cent 

per cent 

volutnes 
per cent 

per cent 



2 

22.82 

78 

19.56 

91 

Chloroform 

Normal 

5 

21.34 

76 

18.92 

93 

Chloroform 

Normal 

7 

22.23 

70 

18.56 

89 

Chloroform 

Normal 

9 

21,92 

79 

18.35 

' 93 

' Chloroform 

1 Normal 

11 

22.35 

79 

18.79 

93 

Chloroform 

I Normal 

12 

21.82 

70 

19.24 

89 

Chloroform 

Low forceps 

13 

I 22.34 

71 

17.53 

88 

Chloroform 

Low forceps 

14 

20.87 

82 

18.03 

93 

Chloroform 

Normal 

15 

21.56 

79 

18.21 

92 

Chloroform 

Normal 

18 

20.83 

70 

18.76 

89 

Chloroform 

Low forceps 

19 

21.73 

71 

19.92 

89 

Chloroform 

Low forceps 


taken from the umbilical vein, under oil, at the moment of clamping 
the umbilical cord. A tightly fitting needle on an all glass syringe 
Avas introduced into the umbilical vein. The barrel of the syringe 
contained a few potassium oxalate crystals, and a small quanthy of 
oil. Estimations Avere made immediately afterAvards. Maternal 
blood AA'as taken from the radial artery, also under oil. 

The tAA-enty-five cases A\-ere divided into three groups. Group I, 
(table 1) comprised ele\'en cases in AA’hich chloroform anaesthesia Avas 
used. Of these ele\'en cases, se\'en AA’ere normal deliveries, and in 
four, loAA' forceps Asere used. Group 2 (table 2) consists of five ces- 
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arean sections, in which nitrous oxide and oxygen was the anaesthetic 
used, and group 3 (table 3) represents nine cases in which neither 
anaesthetic nor other aids were required. 

In all twenty-five cases, the oxygen saturation of the blood was 
distinctly lower in the foetus. The maternal figures were practically 


TABLE 2 

Patients delivered hy Cesarean section with nitrous oxide— oxygen anesthesia 



Foetus I 











number I 

Oj, 

capaaty 

' Oi saturs' 
tion 




volumes 
per cent 

per etnl 

volumes 
per cent 

per cent | 



21 

22.86 

81 

18.53 

93 

Gas and oxygen ! 

Cesarean section 

22 

21 57 ; 

78 

18.21 1 

94 

Gas and oxygen | 

Cesarean section 

23 

21.98 

80 ! 

19.04 1 

94 

Gas and oxygen 

Cesarean section 

24 

22.56 

80 

18.05 

95 

Gas and oxygen 

Cesarean section 

25 

21.83 

78 

17.93 

94 

Gas and oxygen 

Cesarean section 


TABLE 3 

Palienls unaided delivery ^ no anaestheiic 


Cue 

number 




itode of 





Anaesthetic 

Oi capacity 

O 3 saturation 

O 2 capacity 

Ox saturation 

delivery ' 




volumes 
per cent 

per cent 

volumes 
per cent 

per cent 



1 

21.72 

81.1 

19.34 

94 

None 

Normal 

3 

20.89 

79 

18.1 

94 

None 

Normal 

4 

22.12 

80 

17.95 

95 

None 

Normal 

6 

22.32 

76 

18.12 

94 

None ' 

' Normal 

8 

20.82 

78 

18.92 

95 

None 

Normal 

10 

22.85 

82 

17.89 

94 

None 

Normal 

16 ' 

20 98 

SO ! 

19.21 

95 

None 

Normal 

17 

21.34 

79 

l'9.34 

94 

None 

Normal 

20 

20.93 ! 

81 

18.96 1 

94 

None 

Normal 


normal, though lowest in the four cases requiring low forceps. They 
were slightly lower in the whole group receiving chloroform than in 
the other two groups. The o:^gen capacity was greater in foetal than 
in maternal blood, in all twenty-five cases, obviously because of the 
polycythaemia. 
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COiEklENT 

In a previous communication we have drawn attention to the 
admixture of blood from the umbilical vein with the general venous 
circulation. This admixture takes place in the liver and heart. 
(Alpha factor of Lundsgaard and Van Slyke (5). 

In the light of the e.xperiments presented here, it now becomes 
apparent that the o.xygen e.xchange in the placenta itself is defective. 
The placenta is a relatively poor respiratory organ as compared to the 
post-natal lung. (This is analagous to the “L” factor of Lundsgaard 
and Van Slyke.) How much of this deficiency of o.xygenation of the 
umbilical vein blood can be accounted for by placental metabolism 
has not yet been determined. 

CONCLUSIONS 

1. Foetal arterial blood (umbilical vein) possesses an increased 
oxygen capacity and a diminished oxygen saturation. 

2. This diminution in oxygen saturation of the blood in the umbilical 
vein is to be accounted for by the deficient respiratory function of the 
placenta. 

3. Maternal blood from the radial artery shows values for capacity 
and saturation which are within normal limits. 

4. Further evidence is thus adduced in support of our theory that 
the polycythaemia in the newborn infant is the result of o.xygen 
unsaturation of the foetus in utero. 
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For many years a few physicians have conceived of a condition the 
direct opposite of parathyroid tetany. Lundborg (53) and later 
Chvostek (21) believed this was manifest in myasthenia gravis but 
clinical observations did not confirm their belief. It was not until 
the use of CoUip^s (23) active parathyroid extract in animals had indi- 
cated the symptoms of such a state that h)^erparathyroidism was 
recognizable as a clinical syndrome. It is now known that it consti- 
tutes a picture of disease as clearly defined as hyperthyroidism and 
follows closely the abnormalities which may be produced by para- 
thyroid extract in animals. The literature and clinical features have 
been discussed in another paper (2). 

Many facts concerning functional abnormalities in h5rperparathy- 
roidism have already been determined. 

CoUip (23) has shown that the various well-known manifestations following 
removal of the parathyroid gland are reversed after the parenteral administration 
of parathyroid extract. No longer is the theory tenable that the fall in serum 
calcium after parathyroidectomy is but a secondary phenomenon. Active 
extracts will prevent it and by raising the serum calcium entirely relieve the symp- 
toms. Extracts readily cause an increase in the serum calcium in normal animals. 
It seems obvious now that the parathyroid glands are concerned with the regula- 
tion of the calcium concentration in the blood. They appear as an essential com- 
ponent in one of those remarkable regulatory mechanisms characteristic of the 
higher animals. The constancy of the serum calcium even under many of the most 
abnormal conditions is worthy of special emphasis. Although an increase in 
serum phosphate is typical of parathyroid tetany a reduction has not commonly 
been found in experiments in which parathyroid intoxication was rapidly pro- 
duced. Robinson, Huffman and Burt (62), however, report a reduction in the 
scrum phosphate of calves receiving parathyroid extract. Green wald and Gross 
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(39) and later other investigators have definitely shown that eficctive parenteral 
administration of parathyroid extract causes an increased excretion and especially 
an increased urinar>^ excretion of both calcium and phosphorus, phenomena quite 
the reverse of those following parathyroidectomy* 

A change in the tone and irritability of muscles which might be considered the 
opposite of tetany is suggested in the hypotonia often noted in animals with hyper- 
calcemia. Berman (9) using galvanic currents has demonstrated a definite de- 
crease in the electrical response in tlie peroneal nervx of normal dogs after a moder- 
ate increase of serum calcium produced by parathormone. These results were 
emphasized by the contrast with his parathyroidectomized dogs. 

Another noteworthy result of administering excessive amounts of paratliyroid 
extracts, is the deposition of calcium in various tissues. This has been described 
by Hueper (48) and occurs characteristically in the lungs, gastric mucosa and 
kidneys. As one might predict from the negative calcium balance, long con- 
tinued administration of parathyroid extract results in decalcification of the bones, 
a phenomenon which has been studied from the histological point of view by Bauer, 
Aub and Albright (3). 

In the clinical literature one finds many cases of extensive bone diseases com- 
plicated by parathyroid tumors or hyperplasia. These cases are now recognizable 
as probable examples of hyperparathyroidism. The predominating type of bone 
disease was that characterized by multiple c^’st and giant cell tumor formation and 
usually classified as ostitis fibrosa cystica. Less frequently other types of bone 
diseases, such as osteomalacia, metastatic carcinoma or multiple myeloma, re- 
vealed this association. Many of these cases with enlarged parathyroids displayed 
certain interesting features probably attributable to excessive parathyroid ac- 
tivity, General decalcification, fragility and bowing of the bones were usually 
evident. A prominent s^'mptom in some cases was extreme muscle weakness. 
]Many had kidney stones with pyelonephritis and cystitis. In some instances 
there was calcium deposition in various tissues, characteristically in the lungs, 
gastric mucosa and kidneys. The cases presented a variety of other symptoms 
possibly related to hypercalcemia, such as marked constipation, attacks of severe 
abdominal pain and vomiting as well as symptoms suggesting cardiac insufficiency. 

Studies of calcium and phosphate metabolism in the cases of the older literature 
were infrequent and the doubt which often surrounds the diagnosis makes them 
generally inapplicable to the study of functional patholog}' in hyperparathyroidism. 
Since 1926, however, considerable data has accumulated. Mandl (56) who was 
the first clinician to search for abnormal parath^Toid tissue with therapeutic possi- 
bilities in mind studied the urinan' excretion of calcium before and after removal 
of a parathyroid tumor. Before the operation excessive amounts of calcium ap- 
peared in the urine and the excretion fell belov/ normal after the operation. Gold 
(37) has reported a case with ostitis fibrosa, a parathyroid tumor and moderate 
hypercalcemia. Extirpation of the parathyroid tumor was attended with marked 
improvement and resulted in a definite fall of the serum calcium and oftJie calcium 
excreted In the urine, Hannon, Shorr, McClellan and DuBois (44) and later 
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Bauer, Albright and Aub (44) have studied a patient with a generalized bone 
disease characterized by decalcification and tumor formation. This patient showed 
a hypercalcemia, hypophosphatemia, a negative calcium balance and excessive 
excretion of calcium in the urine. After removing two apparently normal para- 
thyroids the patient improved, although there was little change in the calcium and 
phosphorus metabolism. Belden (5) has described a case of a woman with a 
mottled decalcification of the bones witliout tumor formation and presenting other 
symptoms characteristic of this group. The serum calcium was 15.2 to 18.8 mgm. 
per 100 cc., the serum phosphate normal. Operation was attempted but no para- 
thyroid tissue obtained. Duken (30) has described two cases of generalized bone 
disease with high serum calcium and in one a tumor in the region of one para- 
thyroid gland. 

While the studies reported here were in progress, Wilder (79) reported detailed 
observation of a patient with marked muscle weakness, rarefaction and giant cell 
tumors of bones and a palpable parathyroid tumor. There was a moderate in- 
crease in serum calcium, a definite decrease in serum phosphate and excessive 
excretion of calcium in the urine. Following the resection of the parathyroid 
tumor, the serum calcium fell almost to the tetany level and calcium all but dis- 
appeared from the urine. The patient improved markedly. Beck (4) removed 
two parathyroid tumors from a patient with ostitis fibrosa. The patien t developed 
extreme tetany and died on the twentieth day after operation. Recently a case 
was reported by Boyd, Milgram and Stearns (13) as hyperparathyroidism whose 
symptoms and associations may be considered classical. The serum calcium was 
high, the phosphate within normal limits. After removing the parathyroid 
tumor there was a marked fall in the serum and urinary calcium and the calcium 
balance became strongly positive. Snapper (73) records a case showing similar 
changes in the serum and urinary calcium after operation. Hunter (49) has de- 
scribed another typical case which had an excessive excretion of calcium both in 
the urine and the stools. 

The follo^ving study of the functional pathology of the disease was 
started in April 1928, and has been continued to the present time. It 
will indicate the abnormalities encountered and will emphasize factors 
to be considered in diagnosis and treatment. 

METHODS OR STUDY 

The patients with hyperparathyroidism were studied in the Metabo- 
lism Division of Barnes Hospital, Their diets were prepared in the 
special kitchen of the division. The food and fluid intake was under 
the supervision of a trained dietitian, assisted by nurses especially 
assigned to the individual cases. At least two persons checked the 
foods as well as the dietary calculations. Refused food was weighed 
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and the proper adjustment made at once. Calcium and phosphorus 
intake was calculated, mth few exceptions, from the analysis of foods 
collected from the literature by Sherman (69). It was obviously 
necessary to make analysis of some foods. The same type of bread 
was always used and analysed repeatedly. Water from the city 
supply was given and the calcium from this source calculated from 
the analyses furnished by the St. Louis Water Works. This amounted 
to only a few milligrams a day and could have been neglected without 
serious error. 

The stool and urine collections were under the supervision of the 
head nurse of the division, who is well trained in the management of 
metabolic studies. The stools were collected in four-day periods, being 
marked off by carmine taken with the breakfast \vith the beginning of 
each period. Because of the possible difficulties from constipation, all 
patients received liquid petrolatum and granulated agar-agar with each 
meal. The urine was collected in 12 hour periods and combined into 
the four-day periods. 

The calcium in the urine was determined by the method of Shohl 
and Pedley (70), that of the feces by the method of Corley and Dennis 
(24). The total phosphorus of the urine was determined by the 
method of Fiske and Subbarow (33) after complete oxidation with 
sulphuric and nitric acids. Care was taken to e.xpel finally all the 
nitric acid and at the same time not to continue the heating to dryness. 
This same method was employed for the total phosphorus of feces by 
using an aliquot from the filtered digested stool mixture of the Corley 
and Dennis fecal calcium method. Serum calcium was determined 
by the Clark and CoUip (22) modification of the Kramer-Tisdall 
method; serum phosphorus by the method of Benedict and Theis (6). 
The serum was always separated from the cells within two hours after 
the blood was obtained. 


CASES STUDIED 

Three patients ■with hyperparathyroidism ■svere studied. Their his- 
tories are only briefly summarized as they have been reported in con- 
siderable detail in another paper (2). 


Case 1 was a farmer’s wife, 58 years old, with generalized osU'tis fibrosa cystica. 
Her past historj- was noteworthy in that early in life she developed a striking 
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dislike for certain foods, especially milk, and it is reasonable to believe her cal- 
cium intake was deficient throughout life. For about 20 years she had had urinary 
symptoms attributed to “inflammation of the bladder.” For nearly ten years 
she had been slowly developing difficulty in walking until finally she was quite 
unable to support herself. About two years before this study was started, she 
developed, following trauma, a fusiform swelling of the first phalanx of the right 
index finger This proved to be a bone tumor containing many giant cells. Rather 
slight trauma caused a fracture of a clavicle and later a humerus. Following the 
extraction of a tooth a tumor developed in one maxilla. A tumor also appeared 
on the shaft of the left ulna which showed on biopsy many giant cells similar to the 
tumor of her finger. Physical examination revealed a remarkable degree of 
muscle hypotonia. Electrical tests showed no response of the muscles to faradic 
stimulation. There was a marked kyphosis and moderate bowing of the thighs. 
The tumor of the left maxilla caused marked asymmetry of the face. The teeth 
were quite loose. Urine examination showed evidence of inflammation of the 
urinary tract. X-ray revealed marked decalcification of all the bones and irregu- 
lar areas of rarefaction suggesting tumor formation. Flat plates of the kidneys 
showed a large collection of stones in both pelves. Examination of the blood 
showed a slight anemia, negative Wassermann reaction, normal nonprotein 
nitrogen, calcium 16 mgm., and phosphorus 1.4 mgm. per 100 cc. Later a tumor 
the size of a small walnut was discovered rising from behind the inner end of the 
left clavicle as the patient swallowed. Histological examination after removal 
showed this to be parathyroid tissue. The course following operation is described 
in detail in a later section. 

Case 2 was a farmer, 38 years old, with multiple epulis. Several years before 
admission he had had, because of gastric ulcer, two operations, the second of which 
was followed by complete relief. There was no history of any dietary abnormal- 
ity, he had always liked milk and frequently drank as many as five glasses at a 
meal. There was no evidences of muscle hypotonia and there had been no urinary 
disturbances. About 8 months before admission to the hospital he noticed what 
he called a “gumboil” of the upper jaw. It was at no time painful, but gradually 
became larger. Three teeth at the site of the lesion became loose and were ex- 
tracted by the patient. On examination he was well nourished. The muscles 
were well developed and of good tone. In place of the left upper canine and the 
first and second bicuspid teeth a tumor was present which extended into the hard 
palate posteriorly and beyond the alveolar margin anteriorly. X-ray disclosed a 
smaller tumor of the opposite maxilla and three separate and distinct tumors of 
the lower jaw. The urine was normal. There was no anemia. The blood 
Wassermann was negative and the blood nonprotein nitrogen was normal. The 
phenolsulphonephthalein excretion was *5 5 per cent in two hours. 

At two operations all of the tumors were removed by curette and cautery and 
treated with radium and deep x-ray therapy. Microscopic examination of the 
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tissue showed characteristic giant cell tumors. About six weeks after the opera- 
tion on the jaw, the serum calcium and phosphorus were studied for the first time. 
Calcium values ranged from 13.3 to 16.7 mgm. and phosphorus from 1.6 to 2.9 
mgm. per 100 cc. A more careful examination of the neck now revealed a small 
mass just above the inner end of the left clavicle. This was elevated and more 
easily felt when the patient swallowed. There was still no evidence of hypotonicity 
of the muscles. X-ray of the skull and long bones showed no other bone tumors 
and no decalcification. X-ray of the urinary tract revealed no stones. The 
course following the removal of the parathyroid tumor is described in a later section. 

Case J, was a housewife, 46 years old, with multiple myeloma, who had been ill 
for two and a half years with pain, weakness fever and night sweats Clinically 
there was found to be a destructive involvement of vertebrae and ribs, enlarged 
and tender liver and kidney insufficiency. Values for nonprotein nitrogen ranged 
from 65 to 75 mgm. per 100 cc, and the phenolsulphonephthalein excretion was 
very low. No Bence-Jones protein was found in the urine, although albumin and 
casts were abundant. Serum calcium was found to be high and a study of phos- 
phorus and calcium metabolism was started, A few days after the last studies 
reported in the text she developed broncho-pneumonia and died. The post- 
mortem examination demonstrated typical plasma cell multiple myeloma involv- 
ing chiefly the vertebrae, pelvis and ribs. Three parathyroid glands were moder- 
ately enlarged. There was a remarkable degree of metastatic calcification of the 
lungs, gastric mucosa and Iddneys. 

TOTAL CALCIUM BALANCE 

Sherman (68) after reviewing the literature offered what he con- 
sidered to be a satisfactory estimate of the average amount of calcium 
required for maintenance of equilibrium. It appears that this should 
be, in normal adults, approximately 0,45 gram per 70 kilograms of 
body weight. All of our patients were studied for a considerable 
period, first while on a low calcium intake but on an intake well above 
the amount estimated by Sherman for equilibrium under normal 
conditions. In summary form, a part of the extensive data recorded 
at the end of the paper has been placed in table 2 to illustrate the type 
of calcium metabolism presented by these patients. There can be no 
doubt of the abnormality. Although their intake was theoretically 
adequate, they excreted excessive amounts. In each case, over one- 
half gram per day failed to keep them in balance. Even on a high 
intake, the first patient excreted more calcium then ingested; in Period 
7 while taking 2.2 grams of calcium daily, the average output was 3.9 
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grams. The second patient barely maintained equilibrium on a very 
high intake and it seems probable that a negative balance might finally 
have ensued if the studies had been followed longer. The third patient 
who had generalized hyperplasia of the parathyroids and evident 
kidney insufficiency retained calcium for a long time when the intake 
was raised to about 1.3 gram daily, but here some unrecognized factors 
probably complicated the results because during these periods the 
calcium output was even less than in the former periods of low intake. 
The kidney insufficiency mth its associated phosphate retention may 
have been of great importance. The probable significance of this 
factor will be discussed later. The clinical consequence of the failure 
to retain calcium is evident. Bone changes would be expected. 
Cases 1 and 3 showed marked generalized decalcification, a finding not 
infrequently associated with specific diseases of the skeleton. 

URINARY CALCIUM EXCRETION 

In 1884 Davies-Colley (27) described to the Pathological Society of 
London a case which was remarkably similar to Case 1 in this report. 
Tliis was a girl 13 years old with generalized bone disease including a 
tumor of the jaw, nephrolithiasis and paraplegia. He stated that the 
urine “showed about one-third the amount of phosphate of normal, 
but the calcium in excess.” Since then studies of the metabolism in 
bone disease have occasionally shown cases with an increased urinary 
output of calcium. The possible significance of the distribution of 
calcimn excretion between the feces and urine has not been sufficiently 
emphasized in its relation to specific types of bone disease. 

The most striking and noteworthy feature of the metabolism of the 
patients with hyperparathyroidism was the excessive excretion of 
calcium in the urine, corroborating exactly the experiments on 
animals wth parathyroid extract. Normally the urinary excretion 
of calcium is relatively small and is not materially increased by high 
calcium intake. Even intravenous calcium administration may have 
little influence on urinary excretion (65). The great differences in 
output resulting from variations in calcium intake occur chiefly in the 
stools. It hardly seems necessary to review the literature concerning 
the excretion of calcium in the urine; one may refer to Givens* article 
(36) for a discussion of the older literature. The average quantity 
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excreted in twenty-four hours is usually 100 to 200 mgm. Frequently 
much less, and occasionally two or three times this amoxmt has been 
recorded. One gets the impression that studies on active adults show 
a greater urinary calcium excretion than studies on inactive subjects 
with various diseases. This is also indicated by the data presented in 


TABLE 1 

Calcium excreted in the urine in 24 hours by hospital patients and normal individuals 


Case number 

Diagnosis 

Urine caJdum 

u 

S 

ta 

o 

rt 

U 

Diagnosis 

E 

3 

*0 

u 

o 

.5 

5 

2 

Arteriosclerotic heart disease 

grants 

0.012 

6 

Diabetes insipidus 

grams 

0.038 

2 

Arteriosclerotic heart disease 

0.064 

16 

Diabetes insipidus 

0.202 

2 

Arteriosclerotic heart disease 

0.013 

22 

Diabetes mellitus 

0.011 

3 

Arteriosclerotic heart disease 


11 

Diabetes mellitus 

0.007 

3 

Arteriosclerotic heart disease 

0.061 

10 

Diabetes mellitus 

0.008 

4 

Arteriosclerotic heart disease 

0.018 

8 

Diabetes mellitus 

0,093 

5 

Arteriosclerotic heart disease 

0.011 

7 

Diabetes mellitus 

0.057 

5 

Arteriosclerotic heart disease 

0.024 

7 

Diabetes mellitus 

0.107 

14 

Arteriosclerotic heart disease 

O.Q65 

9 

Diabetes mellitus 

0.197 

20 

Arteriosclerotic heart disease 

0.015 

21 

Strep to thricosis of bone 

0.012 

27 

Arteriosclerotic heart disease 


30 

Scleroderma 

0.048 

12 

Arteriosclerotic heart disease 


30 

Scleroderma 

0.080 

23 

; Rheumatic heart disease 

0.043 

29 

%>ondylitis deformans 

0.243 

28 

Rheumatic heart disease 

0.013 

29 

Spondylitis deformans 

0.329 

28 

1 Rheumatic heart disease 

0.136 

17 

Mild acute nephritis 

0.082 

18 

Pulmonary emphysema 

0.049 

31 

Nephritis with edema 

0,003 

18 

Pulmonary emphysema 

0.081 

31 

Nephritis with edema 

0.020 

19 

! Lobar pneumonia 

0.011 

31 

Aneurysm, bronchopneumonia 

0.018 

26 

1 Hypernephroma 

wm 

25 

Normal 

0.042 

15 

Carcinoma of stomach 

0.054 


Normal 

0.045 

24 

; Carcinoma of stomach 



Normal 

0.124 

1 

Carcinoma of liver; jaundice 

0.018 


Normal, high calcium intake 

0.288 

13 

Diaphragmatic hernia 

0.075 


Normal, high calcium intake 

0.312 


table 1 showing the 24-hour urinary calcium excretion of hospital 
patients with various conditions and of a few normal individuals. 
The patients were taking regular ward diets and were allowed milk as 
desired. The data are also presented for comparison with the subjects 
having hyperparathyroidism. Acidosis especially when caused by 
mineral acids is associated with an increase in urinary calcium output. 
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Acid and basic diets produce similar changes. These facts are often 
dted but the studies of Zucker (83), Bogert and Kirkpatrick (11), 
and others indicate that the variations are not extreme. As the four 
adult subjects of Bogert and Kirkpatrick shifted from control diets to 
base forming diets the average urinary calcium excretion decreased 
from 99 to 66 mgm. in 24 hours, while 144 mgm. was excreted with 


TABLE 2 

Summary of calcium inetabolisvt in hypcrparalhyroidwn. The data are selected from tables 
P, lOf and 11 and are expressed in daily averages in grams 


Period 

number 

Days 

i 

1 Caldum. Daily averages 

Serum 

Intake 



Stools 



Case 1 

1 

1-5 ' 

6 1 

7 ' 

8 

1 

20 ! 
4 ' 

4 

4 

gram 

0.56 
0.91 
2.21 
0.98 ! 


grams 

0,319 

0.780 

2.32 

1.08 

1.04 
1.94 
1.58 ! 
0.68 ' 

mgm. per 
\ m cc. 

16.4 

16.5 
16.4 1 
16.4 ! 

pet 
100 ce. 

1.5 

1.3 

Case 2 

1-4 

16 1 

0.89 ' 

1.08 

0.432 

0.65 

16.8 1 

1.6 

5 ! 

4 1 

3.69 I 

3.40 ' 

0.587 

2.81 ' 

14.9 1 

1.9 

6-7 ! 

8 1 

2.33 1 

2.46 ' 

0.532 1 

1.93 ' 

14.0 1 

2.1 

9-10 1 

12 i 

0.99 

1.22 

0.451 1 

0.77 1 

14.1 1 

2.4 


Case 3 


1-4 

1 

0.56 

1.15 


0.90 

15.4 

2.6 

5—8 

\ 

1.37 

0.91 


0.77 1 

15.7 

5.3 

9-10 

8 

3.58 

2.15 1 


1.92 ! 

17.8 

4.8 


acid-producing diets. Zucker found changes of a similar magnitude 
in men after hydrochloric acid and sodium bicarbonate. The various 
anions of physiological importance also appear to produce small but 
demonstrable alterations in urinary calcium excretion. 

The data recorded in table 2 leave no doubt of the abnormal excre- 
tion of calcium in the urine of these patients with hyperparathyroidism. 
Even on a low calcium intake it is excessive. Especially impressive is 
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the output which ensued in Case 1 when the calcium intake was 
increased. In Period 7, the excretion amounted to 1.3 gram per day. 
The urinary output of Case 3 was less impressive but was greater than 
that of the patients included in table 1 who were studied under some- 
what similar hospital regime. Here the evidence of kidney insufiS- 
ciency complicated the picture and it seems reasonable to conclude 
that the abnormality was markedly limiting the capacity to excrete 
calcium by this route. Evidence is available indicating this effect. 
Halverson, Mohler and Bergeim (42) found a very low calcium excre- 
tion in a number of cases of nephritis. Administration of calcium 
causes only a slight increase. The same phenomena were also noted 
by Boyd, Courtney and MacLachlan (12) in children with nephritis 
and by Schriver (66) in two cases which were studied in great detail. 
In extensive observations of a case in this clinic the urinary calcium 
was found to be almost negligible. Hetenyi and Nogradi (45) showed 
that nephritics excreted less than normal subjects after intravenous 
injections of calcium salts. 

Certain conclusions may be drawn from these studies regarding the 
rejation of the urine reaction to this abnormal calcium excretion. The 
astonishing urinary calcium excretion of Case 1 was associated with a 
very acid urine. Under certain conditions to be discussed later, how- 
ever, the urine calcium was subsequently reduced to normal (Period 
16 to 19, table 9) at times when the urine was even more acid. The 
other patients produced urine which was nearly neutral or at times 
slightly alkaline. It seems obvious that the reaction of urine cannot 
be a factor of primary importance although an increase.in acidity may 
exaggerate the tendency to abnormal excretion of calcium. 

Hypercalcemia was found in all three cases and it is natural to 
assume a relationship between this and the excessive urinary calcium. 
Certain circiunstances, however, indicated that the connection is more 
complicated than might at first appear. When excessive amounts of 
calcium were given the increase in urinary excretion was not necessarily 
attended by any further rise in the serum calcium. The most striking 
example of this was presented by Case 1 in Periods 7 and 8 (table 2). 
Very significant appears the fact that in Period 8 the great increase in 
urinary calcium excretion was association with no further increase in 
h 3 rpercalcemia but with the lowest phosphate concentration which was 
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encountered in our studies. Calcium and phosphorus are so inti- 
mately related in body processes through their conspicuous compound, 
calcium phosphate, that it seems we are seldom justified in considering 
their functions and abnormalities separately. 

FECAL CALCIUM EXCRETION 

Bearing in mind that tlie rate of excretion of urinary constituents 
depends so largely on their concentration in the blood the excessive 
urinary calcium excretion of these patients might logically have been 
inferred. The influence of hypercalcemia on intestinal excretion 
would depend more on factors inherent in the functional activity of 
the intestinal epithelium and chemical reactions in the intestinal con- 
tent. GreenwalcJ. and Gross (40) found an unmistakable increase in 
the fecal calcium excretion of dogs who were receiving parathyroid 
extract for several days. In other experiments (41) of about two 
months^ duration the increase in fecal calcium was less marked. Hoag 
et al. (46) studied the influence of parathyroid extract on the calcium 
metabolism of seven infants, one normal^ four rachitic and two with* 
infantile tetany. Two rachitic infants showed a fairly definite increase 
in fecal calcium while receiving the extract; one with tetany, a definite 
decrease; while the others showed little or no variation from normal. 
Brehme and Gydrgy (14) determined the effect of parathyroid extract 
on two infants. While the urinary excretion of calcium was markedly 
increased there was no change in the stool excretion, Stewart and 
Percival (75) during periods of a few hours found no increase in the 
rate of calcium excretion into the intestines of cats which had been 
given parathyroid extract. In calves receiving parathyroid extract, 
Robinson, Huffman and Burt (62) demonstrated a considerable 
increase in serum calcium but only a slight increase in urinary excre- 
tion and no decided change in fecal excretion. Shohl, Wakeman and 
Sliorr (71) studied the calcium metabolism of two infants with tetany. 
Parathyroid extract did not alter the calcium excretion in the stools. 
After a very extensive investigation of the effect of parathyroid 
extract, on eight individuals, Albright, Bauer, Ropes and Aub (1) 
concluded that it had no influence on the fecal excretion of calcium. 
Hunter^s case (49) of hyperparathyroidism had excessive amounts of 
calcium in the stools in addition to the increase in the urine. 
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the output which ensued in Case 1 when the calcium intake was 
increased. In Period 7, the excretion amounted to 1.3 gram per day. 
The urinary output of Case 3 was less impressive but was greater than 
that of the patients included in table 1 who were studied under some- 
what similar hospital regime. Here the evidence of kidney insuffi- 
ciency complicated the picture and it seems reasonable to conclude 
that the abnormality was markedly limiting the capacity to excrete 
calcium by this route. Evidence is available indicating this effect. 
Halverson, Mohler and Bergeim (42) found a very low calcium excre- 
tion in a number of cases of nephritis. Administration of calcium 
causes only a slight increase. The same phenomena were also noted 
by Boyd, Courtney and MacLachlan (12) in children with nephritis 
and by Schriver (66) in two cases which were studied in great detail. 
In extensive observations of a case in this clinic the urinary calcium 
was found to be almost negligiblp. Hetenyi and Nogradi (45) showed 
that nephritics excreted less than normal subjects after intravenous 
injections of calcium salts. 

Certain conclusions may be drawn from these studies regarding the 
relation of the urine reaction to this abnormal calcium excretion. The 
astonishing urinary calcium excretion of Case 1 was associated with a 
very acid urine. Under certain conditions to be discussed later, how- 
ever, the urine calcium was subsequently reduced to normal (Period 
16 to 19, table 9) at times when the urine was even more acid. The 
other patients produced urine which was nearly neutral or at times 
slightly alkaline. It seems obvious that the reaction of urine cannot 
be a factor of primary importance although an increase in acidity may 
exaggerate the tendency to abnormal excretion of calcium. 

Hypercalcemia was found in all three cases and it is natural to 
assume a relationship between this and the excessive urinary calcium. 
Certain circvunstances, however, indicated that the connection is more 
complicated than might at first appear. When excessive amounts of 
calcium were given the increase in urinary excretion was not necessarily 
attended by any further rise in the serum calcium. The most striking 
example of this was presented by Case 1 in Periods 7 and 8 (table 2). 
Very significant appears the fact that in Period 8 the great increase in 
urinary calcium excretion was association with no further increase in 
hypercalcemia but with the lowest phosphate concentration which was 
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quatc incaus of prevention; unuuUcil fracture lit old age. Max\vc!l 
ami Milci (5S), and Vau^ihnri (77), and r.sjhxially Hutchison and 
Stapleton t50^ have procuicd clinical evidence from whidi we may 
conclUilc that diininiL-hcd in\J‘»cular activity mu^l i>c lo<jkc<l U|>x»n ;u 
of coiii'Ulcr.iblc imjHutance as a causative factor in the development of 
osteomalacia. It h aho intcrcilin^ to note lliai Dcgkwils fi9) 
apjK'ars to have been able to pievcnl lickcts in >v»\jng dogs grown in 
the tbrk by giving them vigorous <iaily cacrciic* 

The reaction of sUx)Lsof Cases I and d was detennined by tire inctliod 
of Tisilall and Hruwn (76). The pH ranged from 5.8 to 7.1, corrc:g)o«d- 
ing to llial of jwiticnls with other conditions. 

I'liospitoia’ii Min-Anoui^M ks UYi'Kui\\K.vriivKOun.su 

While in the literature on bone diseases inucir prominence ha:* been 
given to changes in calcium tuetalxdism, we mu,il bear in mind the 
fact litat one could as Of>n.dstcntly put the s;une emplnisis on the l>c* 
havnor of j)b(>sphorus for these two eJcrncnls arc in:;cpar.tbly inwlvcd 
in lx)ne slrticlure. A r6lc of considerable im[K>rtancc has been 
assignetl to phosphorus in the extensive invc;:» ligation of rIckeU where 
defects in phosphorus rnctal>olism have even been thought to be 
primary. There >ecins to be no good rcas^)n for denying tiiat many of 
our apparent abnonnalilics of calcium utilia^ilion may be primarily 
disturbances of phosphorus melal>oUsnK We have at pa-sent no cer* 
tain knowledge whether lire parath>Toi<l glands or vitamin or 
ultra violet radiation arc concerned primarily with the physical 
chemical reactions of calcium or of ])hosphorus. From their cx]>cri* 
cnees with human subjects, Albright, Hauer, Hoiks and Aub (1) fell 
tlial the primary effects of paralhonnonc was on pho;^pliorus rather 
than on calcium. Greenwald and Gross (39) have stressed Uic marked 
change in phosphorous excretion following parathyroidectomy and 
paratlionnone injections, 

A study of our three patients, however, has not presented us with 
any typical abnormality of phosphorus metabolism in hyj)crpara- 
thyroidism. It so happened tliat Uircc cases presented distinct 
differences. Ciise 1 for 21 days (Periods I to 6, table 9) on a low and 
average calcium intake showed a definitely negative phosphorus 
balance excreting each day 300 to *100 ingm. more tlian she ingested. 
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The data showing the relative amounts of calcium excreted in the 
stools of three patients with hyperparathyroidism are summarized in 
table 2 together ivith the corresponding calcium intake and uri- 
nary output. 

The fecal excretion in Cases 1 and 3 is quite impressive. Both 
patients on an intake which should have been adequate, excreted more 
calcium in the stools alone than they ingested. Case 1 for the first 
twenty days received in her diet an average of 0.56 gram of calcium 
daily. During this period she excreted by way of the intestinal tract 
an average of 1.04 gram daily. In the folloiving period a daily oral 
intake of 0.91 gram of calcium resulted in the excretion of 1.94 gram 
in the stools. Thereafter on an excessive calcium intake the stool 
output did not exceed the intake. Case 3 gave a similar figure: for 
16 days an average intake of 0.56 gram was accompanied by a stool 
output of 0.90 gram daily. The data are thus definite and leave no 
doubt that these two patients tended to have an excessive fecal calcium 
excretion. Case 2, however, presented quite a different picture. 
Clinically the case was typical of hyperparathyroidism with giant cell 
bone tumors, hypercalcemia, increased urinary calcium excretion and 
a tumor proved microscopically to be composed of parathyroid tissue. 
In no period of study was there any indication that the fecal excretion 
of calcium was excessive. 

The possibility arises that some factor or factors other than hyper- 
parathyroidism were operative in Cases 1 and 3 to produce increased 
excretion in the stools. One striking contrast existed between these 
patients and Case 2. They were bedridden and had been for months 
while Case 2 was up and about, moderately active and allowed to take 
daily walks in the vicinity of the hospital. It is not unlikely that the 
striking difference in activity of these patients may have had a most 
significant influence on their calcium metabolism. Bone must be 
looked upon as living tissue with an inherent capacity for adjustment 
to functional demands. We have no knowledge of the effects of inac- 
tivity on calcium and phosphorus metabolism but are well aware of 
the bone atrophy which may develop with disuse. Since it appears 
that most studies of calcium metabolism in disease have been made 
upon subjects who are quite inactive, this factor may have influenced 
the results. Further insight into the problem may suggest more ade- 
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quatc means of preventing ununIted fracture in old age. Ma.v\vcll 
and Miles (58), and Vaughan (77), and especially Hutchison and 
Stapleton (,50) have presented clinical evidence from which we may 
conclude that diminished muscular acti\Tty must be looked u^jon as 
of considerable imi)ortance :is a causative factor in the development of 
osteomalacia. It is also interesting to note that Degkwil;^ (29) 
appears to have been able to prevent rickets in young dogs grown in 
the dark by giving them \'igorous daily exercise. 

The reaction of stools of Cases 1 and 3 was determined by the method 
of Tisdall and Brown (76), The pH ranged from 5.8 to 7.1, corrcs|x>nd- 
ing to tliat of patients with otlier conditions. 

PHOSPHORUS ilETABOLlSM IN UYPERP.VR^VTUYROIDlSil 

While in Uie literature on bone diseases much prominence has been 
given to cliangcs in calcium metabolism, we must bear in mind the 
fact that one could as consistently put the same emphasis on the be- 
havior of phosphorus for these two elements are inseparably involved 
in bone structure. A r61c of considerable importance has been 
assigned to phosphorus in the extensive investigation of rickets where 
defects in phosphorus metabolism have even been thought to be 
primary. Tiiere seems to be no good reason for denying that many of 
our apparent abnormalities of ailcium utilization may be primarily 
disturbances of phosphorus metabolism. We have at present no cer- 
tain knowledge whctlicr the paratiiyroid glands or vitamin or 
ultra violet radiation are concerned primarily with the physical 
chemical reactions of calcium or of phosphorus. From their experi- 
ences with human subjects, Albright, Bauer, Ropes and Aub (1) felt 
tliat the primary effects of parathormone was on phosphorus rather 
than on calcium. Grcenwald and Gross (39) have stressed tlie marked 
cliauge in phosphorous excretion following parathyroidectomy and 
parathormone injections. 

A study of our three patients, however, has not presented us with 
any typical abnormality of phosphorus metabolism in hyperpara- 
tliyroidism. It so happened that three cases presented distinct 
differences. Case 1 for 24 days (Periods 1 to 6, table 9) on a low and 
average calcium intake showed a defiaitely negative phosphorus 
balance excreting each day 300 to 400 mgm. more than she ingested. 
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The data showing the relative amounts of calcium excreted in the 
stools of three patients with hyperparathyroidism are summarized in 
table 2 together with the corresponding calcium intake and uri- 
nary output. 

The fecal excretion in Cases 1 and 3 is quite impressive. Both 
patients on an intake which should have been adequate, excreted more 
calcium in the stools alone than they ingested. Case 1 for the first 
twenty days received in her diet an average of 0.56 gram of calcium 
daily. During this period she excreted by way of the intestinal tract 
an average of 1.04 gram daily. In the following period a daily oral 
intake of 0.91 gram of calcium resulted in the excretion of 1.94 gram 
in the stools. Thereafter on an excessive calcium intake the stool 
output did not exceed the intake. Case 3 gave a similar figure: for 
16 days an average intake of 0.56 gram was accompanied by a stool 
output of 0.90 gram daily. The data are thus definite and leave no 
doubt that these two patients tended to have an excessive fecal calcium 
excretion. Case 2, however, presented quite a different picture. 
Clinically the case was typical of hyperparathyroidism with giant cell 
bone tumors, hypercalcemia, increased urinary calcium excretion and 
a tumor proved microscopically to be composed of parathyroid tissue. 
In no period of study was there any indication that the fecal excretion 
of calcium was excessive. 

The possibility arises that some factor or factors other than hyper- 
parathyroidism were operative in Cases 1 and 3 to produce increased 
excretion in the stools. One striking contrast existed between these 
patients and Case 2. They were bedridden and had been for months 
while Case 2 was up and about, moderately active and allowed to take 
daily walks in the vicinity of the hospital. It is not unlikely that the 
striking difference in activity of these patients may have had a most 
significant influence on their calcium metabolism. Bone must be 
looked upon as living tissue with an inherent capacity for adjustment 
to functional demands. We have no knowledge of the effects of inac- 
tivity on calcium and phosphorus metabolism but are well aware of 
the bone atrophy which may develop with disuse. Since it appears 
that most studies of calcium metabolism in disease have been made 
upon subjects who are quite inactive, this factor may have influenced 
the results. Further insight into the problem may suggest more ade- 
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quate means of preventing ununited fracture in old age. Maxwell 
and Miles (58), and Vaughan (77), and especially Hutchison and 
Stapleton (50) have presented clinical evidence from which we may 
conclude that diminished muscular activity must be looked upon as 
of considerable importance as a causative factor in the development of 
osteomalacia. It is also interesting to note that Degkwitz (29) 
appears to have been able to prevent rickets in young dogs grown in 
the dark by giving them vigorous daily exercise. 

The reaction of stools of Cases 1 and 3 was determined by the method 
of Tisdall and Brown (7 6) . The pH ranged from 5 .8 to 7 . 1, correspond- 
ing to that of patients with other conditions. 

PHOSPHORUS METABOLISM IN HYPERPARATHYROIDISM 

While in the literature on bone diseases much prominence has been 
given to changes in calcium metabolism, we must bear in mind the 
fact that one could as consistently put the same emphasis on the be- 
havior of phosphorus for these two elements are inseparably involved 
in bone structure. A x61e of considerable importance has been 
assigned to phosphorus in the extensive investigation of rickets where 
defects in phosphorus metabolism have even been thought to be 
primary. There seems to be no good reason for denjdng that many of 
our apparent abnormalities of calcium utilization may be primarily 
disturbances of phosphorus metabolism. We have at present no cer- 
tain knowledge whether the parathyroid glands or vitamin “D” or 
ultra violet radiation are concerned primarily with the physical 
chemical reactions of calcium or of phosphorus. From their experi- 
ences wth human subjects, Albright, Bauer, Ropes and Aub (1) felt 
that the primary effects of parathormone was on phosphorus rather 
than on calcium. Greenwald and Gross (39) have stressed the marked 
change in phosphorous excretion following parathyroidectomy and 
parathormone injections. 

A study of our three patients, however, has not presented us with 
any typical abnormality of phosphorus metabolism in hyperpara- 
thyroidism. It so happened that three cases presented distinct 
differences. Case 1 for 24 days (Periods 1 to 6, table 9) on a low and 
average calcium intake showed a definitely negative phosphorus 
balance e.xcreting each day 300 to 400 mgm. more than she ingested. 
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Following this on a high calcium intake, a slight amount of phosphorus 
was stored. Case 3 (table 11) with evident kidney insufficiency stored 
phosphorus while on a negative calcium balance. Case 2 (table 10) 
continually retained a slight amount of phosphorus; otherwise there 
was no evident abnormality of phosphorus metabolism. It seems 
almost paradoxical that he should, for such a long time, have retained 
phosphorus while continually losing calcium. McCrudden (54), and 
Miles and Feng (59) and others have noted a retention of phosphorus in 


TABLE 3 

Summary of the phosphorus metabolism of three patients with hyperparathyroidism. The 
data are selected from tables P, 10 ^ and 11 and are expressed in the daily averages hi grams 
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the presence of a negative calcium balance. In tlais connection it is 
interesting to note that McCrudden found little variation from normal 
in phosphorus in the ash of bones of osteomalacia all, hough the calcium 
was definitely reduced. « 

when the metabolism of phosphorus in these patients is exahiiped 
in greater detail and the distribution of the excretion of phosphorites 
between the stool and urine is noted, interesting contrasts are manifest.'-. 
The characteristic differences are illustrated by the data selected in 
table 3. Here are recorded the daily average phosphorus balances of \ 
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the three patients together with the phosphorus excreted m the stool 
and in the urine on a low and on a high calcium intake. The phos- 
phorus metabolism of Case 1 is notable for the minute amount in the 
stool and the great quantity in the urine. Even when the calcium 
ingested was excessively high there was no increase in phosphorus in ‘ 
the stool. In fact, these periods exhibited the lowest stool excretion 
we have encountered. The great urinary excretion was no doubt 
related to some extent to the acidity of the urine, but it is questionable 
whether this was the sole basis for the unusual distribution of phos- 
phorus between stool and urine. Evidence against this as an adequate 
explanation is the fact tliat in later periods (Periods 15 to 19) under 
different circumstances the urinary excretion was less when the urine 
was even more acid. A phenomenon worthy of special emphasis was 
the association of only minute quantities of phosphorus with the exces- 
sive fecal calcium. It is commonly assumed that calcium phosphate 
is precipitated in the gastrointestinal tract and that an excess of one 
element will increase the elimination of the other. This reaction may 
at times be very important. Briggs (15) has recently demonstrated to 
what extent calcium may increase fecal phosphorus excretion and has 
suggested the application of this action to the treatment of nephritis 
with phosphorus retention. However, the very significant studies 
of Bergeim (7) showed a surprising independence between these two 
elements in their absorption from the intestines. The findings just 
noted in Case 1, serve to emphasize the importance of Bergeim’s 
work. It seems of interest to refer here to a case of true osteomalacia 
which we have recently studied. The phosphorus metabolism stood in 
marked contrast to that of Case 1. A large fecal calcium excretion 
was associated with an increased amount of phosphorus in the stools 
and a remarkably small quantity of phosphorus in the urine. 

The distribution of the phosphorus excretion in Case 2 may be 
considered normal. The deviation from the normal in Case 3 was 
the reverse of the first case. Presumably because of the kidney insuffi- 
ciency the urinary excretion of phosphorus was diminished. A more 
detailed study of the urinary excretion in table 11 indicates a progres- 
sive lowering of the ability of the kidney to e.xcrete phosphorus. The 
stools show a moderate increase in phosphorus associated with exces- 
sive calcium output. The increase of both calcium and phosphorus 
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in the stools presents a picture simulating osteomalacia. TWs, 
together with the fact that the patient lacked exercise and vitamin 
“D,” barely suggests we were dealing with such a complication. It 
might be noted that in the literature where phosphorus metabolism 
has been determined in that heterogenous group of cases termed 
“osteomalacia” no constant changes were recorded; the calcium and 
phosphorus metabolism did not run parallel and in the majority of 
cases the phosphorus balance was positive. 

In table 9 are recorded both the total and the inorganic phosphorus 
in the urine of Case 1 . The discrepancy between the figures point to a 
large amount of organic phosphorus up to a time when orthophosphate 
was administered. Since this discrepancy was not observed in the 
other patients the inorganic phosphorus determinations were omitted 
from the tables. More recently determinations of organic phosphorus 
have been made by more accurate methods on a large number of 
patients with various diseases, including a fourth case of hyperpara- 
thyroidism (74). The amount of organic phosphorus in the urine was 
constantly quite small. 

Experience in administering orthophosphate to patients with hyper- 
parathyroidism was very instructive from a theoretical point of view 
and suggested important therapeutic possibilities. It seemed probable 
that if suflficient phosphate could be absorbed serum phosphate might 
be increased and serum calcium lowered. If this alteration could be 
accomplished it was predicted that the calcium metabolism might be 
restored to normal. In order to obtain maximal absorption of both 
elements, it seemed advisable to administer one at as remote a time 
as possible from the administration of the other and thus reduce to 
a minimum the precipitation of insoluble calcium orthophosphate. 
Therefore, 1 gram of sodium acid phosphate together with 3 grams 
sodium bicarbonate was given at 6:00 A.M., 10:30 A.M., 3:00 P.M., 
and double this amount at 10:00 P.M. while the calcium lactate was 
given three times each day with meals at 7:30 A.M., 11:30 A.M., 
and 5 : 00 P.M. The result of the procedure was quite striking. The 
data obtained from Case 1 is taken from table 9 and summarized in 
table 4. Period 8, preceding the first administration of phosphate, 
is recorded in the top row of figures for comparison. The results of 
this period were similar to the preceding periods but were complicated 
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by the fact that it followed a period of high calcium and during the 
period the patient received 8 grams of sodium bicarbonate daily. 
During Period 9, the patient received sodium acid phosphate four 
times each day in the manner described above. The following 
significant observations were made: (1) Almost all of the phosphate 
was absorbed for only a minute quantity appeared in the feces; (2) 70 
per cent of the phosphorus ingested was excreted in the urine, and 27 
per cent was retained in the body; (3) the serum phosphate rose to 

TABLE 4 

Da/a Hlustraling the in^uence of sodium orthophosphate per os on the abnormal calcium 
metabolism of hyperparathyroidism. The data are collected from table 9 
a)\d are expressed in daily averages in grams 
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normal; (4) the serum calcium fell to a level within the range of normal 
variations; (5) the urinary calcium excretion for the first time fell to 
normal; (6) a large amount of calcium appeared in the stools associated 
with almost no phosphorus. Period 10 intervening before further 
administration of phosphate served to emphasize the marked altera- 
tions which were produced. Here, tlie patient received sodium bicar- 
bonate as in Period 8 but no phosphate. Conditions tended to revert 
to their former state. The following facts were evident: (1) There 
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was a negative phosphorus balance; (2) the serum phosphate fell again 
to an exceedingly low level; (3) the calcium balance was markedly 
negative; (4) there was a remarkable increase in the urinary calcium 
excretion; (5) this amazing output of calcium in the urine was associ- 
ated with no increase in serum calcimn. Attention was called above 
to the fact that the level of the serum phosphate may have an impor- 
tant influence on the excretion of calcium by the kidneys. The asso- 
ciations here attest the fact. Without any alterations in the ser um 
calcium and while practically normal, the calcium excretion increased 
remarkably as the serum phosphate fell from normal to a very low 
level. In the next periods, 11, 12, and 13, phosphate was resumed. 
Again the serum phosphate rose and the urinary calcium excretion was 
controlled. This was not attended by excessive calcium in the stools 
until Period 3. So for the first time it was possible not only to main- 
tain the patient on calcium equilibrium but to see her store appre- 
ciable amounts. 

These results should be emphasized because of their possible thera- 
peutic application. There is a rather extensive early literature on 
the effects of phosphorus in bone disease, and in a number of instances 
records of metabolic studies (47). But these seem in no way com- 
parable to the results recorded here for they involve the administra- 
tion of small doses, such as one or two milligrams of yellow phosphorus. 
There appeared to be no definite influence on calcium metabolism. 

An apparently significant fact should be noted here. For one month 
(Periods 14 to 20, table 9) while other studies were in progress, there 
was no further administration of phosphate. Periods 14, 15, and 16 
were used as controls and conditions were similar to the early periods 
of study. It would appear that the former phosphate administration 
produced a lasting change for the urinary calcium excretion remained 
low. This was associated with a continually negative phosphorus 
balance from excessive phosphorus in the stool. During these seven 
periods more phosphorus was excreted than had been stored during 
phosphate administration. In four periods the patient had stored 
9.42 grams of phosphorus while in these seven periods she lost 18.49 
grams. The serum phosphate remained normal. These periods 
again suggested the possibility that the level of the serum phosphate 
might be an important factor influencing urinary calcium excretion. 
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Urinary calcium remained low even though the serum calcium gradu- 
ally rose to its former liigh level. There was a continually negative 
calcium balance due to the excess of calcium in the stool. 

Periods 21, 22, 23, and 24 are recorded in table 9 for the sake of 
completeness. Sodium phosphate was administered as before. But 
unfortunately through a misunderstanding and in the absence of the 
autliors the type of sodium orthophosphate given was not recorded. 
It is certain that during part of the time, perhaps throughout these pe- 
riods, she received disodium orthophosphate. The outstanding fea- 
ture of this series is the extremely large amount of calcium excreted 
in the stools. This may have been related to excessive ingestion of 
alkali. In Period 25 where the phosphate had been stopped and 
sodium bicarbonate given, the fecal calcium excretion was amazing. 
However, one might refer back to Periods 8 and 10 where alkali seemed 
to have the opposite effect, or Periods 19 and 20, where no influence 
on fecal excretion was evident. 

Other instructive data showing possible effects of orthophosphate 
were presented during the study of Case 3. For eight days (Periods 9 
and 10, table 11) on an exceedingly high calcium intake she stored 
considerable calcium. During this time the serum calcium rose to 
17.8 mgm. per 100 cc. and with this there was a striking change in 
her general condition. She became stuporous and irrational. She 
developed rales at her lung bases, distended cervical veins and depend- 
ent edema, signs which were interpreted as circulatory failure. These 
prominent changes were thought to be directly related to the high 
serum calcium. Prompt reduction seemed imperative. This was 
accomplished by neutral sodium orthopho.sphate by mouth and 
attended by marked improvement. A solution of monosodium and 
disodium phosphate was prepared, the two proportioned to give a 
pH 7.2.^ It was administered as in Case 1. The transition to her 
former state was most impressive. Within 24 hours she was alert 
again, quite rational and appeared stronger. In 48 hours the serum 
calcium had fallen to 11.7 and the serum phosphate risen to 8.6 mgm. 

‘NalljPOi (Merck C. P.) 12.8 grams and NazHPOi-nHjO (Baker) 138.7 
grams dissolved in 500 cc. of distilled water gives a solution with a pH 7.2 and 
containing 0..3 gram of phosphorus in cadi 10 cc. 


s 
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per 100 cc. The condition presented by this patient appears to be the 
same as that frequently seen with animals when the serum calcium has 
risen to a high level after parathyroid extract administration. Edwards 
and Page (32) particularly noted the depression of shock-like character 
with dulling of sensory reactions which occurred in some of their dogs. 

THE EPPECT OP IRRADIATED ERGOSTEROL 

Numerous investigators have shown that antirachitic vitamin 
promptly increases the intestinal absorption of both calcium and 

TABLE s 

Data showing the results obtained when irradiated ergostcrol was administered in hyperpara- 
thyroidism. The data are selected from table 11 atid are expressed 
in the daily averages in grams 


Period 

number 

Caldum 

Phosphorus 

Comment 

Intake 

Out- 

put 

Urine 

Stool 

Intake 

Out- 

put 

Urine 

Stool 


grams 

grams 

gram 

grams 

grams 

grams 

grams 

grams 


14 

0.67 


0.187 


EES 

1.96 

0.66 

1.30 

Control 

15 

0.67 

1.16 

0.250 


Eg 

2.48 

0.64 

1.84 

Control 

16 

0.67 

1.11 

0.185 

RB 

1.05 

1.84 

0.67 

1.17 

Control 

17 

0.67 


0.082 

Rg 

EiS 

1.31 

0.71 

■IITfH] 

Irradiated ergosterol 

18 

0.70 

1.32 

0.222 

HR 


1.16 

0.73 

0.43 

Irradiated ergosterol 

19 

0.69 

IQ 

0.142 

RR 



0.66 

0.34 

NaHCOs, 8 grams daily 

20 

0.69 

■ 

0.140 

Bl 

■ 

1.54 

0.59 

0.95 

NaHCOa, 16 grams daily 


phosphorus in experimental rickets and in infants with rickets. No 
such effect has been found in normal human adults. Wilder (79) 
reports improvement of his patient with hyperparathyroidism on a 
regime which included a high vitamin “D” intake. Metabolic studies 
of his patient during this period showed a slight retention of calcium 
and a more marked retention of phosphorus. An attempt was made 
in these studies to determine the effect of irradiated ergosterol on the 
calcium and phosphorus metabolism of hyperparathyroidism. The 
results were rather indefinite but seem worthy of presentation. Rele- 
vant data obtained from Case 1 are summarized in table 5. The three 
4-day control periods followed directly after periods of high phosphorus 
administration, otherwise they were similar to the first periods of the 
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senes. Irradiated ergosterol was given for only eight days. During 
periods 17 and 18 she received 18 drops of Acterol (Mead-Johnson and 
Company), eadi day. In Period 17, there was a slight drop in the 
calaum excretion which may have been unrelated to the irradiated 
ergosterol. The decrease in the total phosphorus in the stools appears 
more significant. This was associated with a moderate increase in 
urinary phosphorus excretion. The sodium bicarbonate in the two 
foUowing periods seemed to have little influence on the calcium and 
phosphorus excreted. The experiment indicated a definite increase in 
the absorption of phosphorus by the gastrointestinal tract which 
appeared to be related to the irradiated ergosterol. The experiments 
of Warkany (78) are noteworthy in considering this point After 
administering irradiated ergosterol to rachitic infants disodium- 
phosphate by mouth caused a great increase in serum phosphorus 
within two hours whereas previously it had had practicaUy no effect. 


THE EFFECT OF REMOVING PARATHYROID TUMORS 

The most impressive experiences encountered in these studies were 
the amazing events after the first patient reverted from hyperpara- 
thyroidism to extreme tetany following the removal of a parathyroid 
tumor. They emphasize the relationship of the phenomena to para- 
thyroid activities. On August 2, 1929, (the third day of Period 26) a 
tumor about 2.5 cm. in diameter was excised from the region of the 
lower pole of the left thyroid. Microscopically this proved to be para- 
thyroid tissue. The chemical changes which followed are summarized 
in table 6. On the third day after operation the patient noted a change 
in her general condition, although the complaints were rather indefi- 
nite. There was a feeling of weakness and a sensation of tingling about 
the face and in the hands. There were obscure cramp-like pains in 
the extremities. Chvostek’s sign could be demonstrated repeatedly. 
By the fourth day the serum phosphate was 2.2 mgm. and the serum 
calcium had fallen to 11.3 mgm. per 100 cc. By the seventh day the 
above symptoms had become e.xaggerated and she had become very 
^uch distressed and apprehensive. She had been nauseated and this 
day vomited. There was at times definite hyperventilation causing 
slight dyspnea. The numbness and tingling of the face and hands wa^^ ^ 
Marked. Twitching about the face was, erident. The pain in 
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extremities continued. Chvostek’s sign was present. Attempts to 
demonstrate Trousseau’s sign caused marked tingling in the arms and 
forearms, but no definite contracture. The serum phosphate was 5.2 
and calcium 10.8 mgm. per 100 cc. The patient had obvious tetany 
with normal serum calcium. The urine contained large quantities of 
ketone bodies and the serum CO 2 was 37 volumes per cent. This 
marked ketosis was unexpected. Although the food intake had been 
limited because’ of nausea, the ingested carbohydrate was quite enough 
to have prevented ketosis under ordinary conditions. Blood sugar 
determinations were normal. 

On the ninth day the patient’s distress appeared almost unbearable. 
The occasional attacks of vomiting continued. Trousseau’s sign was 
no more definite than before. The patient described momentary 
attacks which indicated spasm of the lar)rnx. She complained at 
times of inability to see. The eyelids drooped suggesting a paresis 
although they could be raised with voluntary effort. The serum phos- 
phorus had risen to 11.3 and the calcium fallen to 7.4 mgm. The 
blood nonprotein nitrogen was 42 mgm. indicating the absence of any 
marked kidney insufficiency. The'blood pressure was 132/80. 

On the tenth day, at the beginning of Period 29 the patient started 
to receive calcium lactate by mouth in the amounts indicated in the 
table. After two days the only effect of calcium administration was a 
remarkable fall of serum phosphate to normal. This extreme altera- 
tion in serum phosphate had no influence whatever on the tetany 
which was becoming alarming. There was great pain in the muscles, 
which were not especially tense. The patient stated that the muscles 
had a sensation of worms crawling through them. No fibrillary 
twitchings could be seen. She now had a definite Trousseau's sign 
and occasional spontaneous contractures of muscles of the forearm were 
observed. There were also spasms of the extraocular muscles and 
short but definite attacks of laryngismus stridulus. 

During the next four-day period (No. 30) the calcium lactate was 
increased and parathormone was given without any influence on the 
patient’s condition. The serum calcium fell to 4.1. Vigorous forcing 
of the carbohydrate had cleared the ketosis. The following period 
was characterized by the fact that large amounts of calcium by mouth 
and parathormone administered subcutaneously and intravenously 
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did not alter the serum calcium. On the 18th day she received 40 
grams of calcium lactate and 250 units of parathormone yet the next 
morning serum calcium was only 5 .4 mgm. Tetany was no t influenced 
until the 21st day when intravenous calcium chloride in relatively 
small doses was started. This caused prompt and dramatic allevia- 
tion of symptoms. On the morning of the 21st day after operation 
she was given 0.7 gram of calcium chloride intravenously and that 
evening 1.0 gram. The improvement was not noted immediately fol- 
lowing the injections but occurred more gradually during the day. 
Twenty-four hours after the first injection she had received only 1.7 
gram but was stronger, quite rational, and able to sit up in bed and 
eat breakfast without assistance. It is sfrange that with the marked 
improvement there was only a very slight increase in the serum calcium. 
For the next two weeks calcium chloride, two grams daily intraven- 
ously, was continued in addition to calcium lactate and parathormone. 
The serum calcium rose gradually to normal. 

From this experience it was natural to conclude that the excessive 
quantity of calcium given by mouth was not absorbed, but examina- 
tion of the data in table 6 shows that after parathormone was started 
large amounts of calcium were retained without its having any influence 
on the level of the serum calcium. During the eight days included 
in Periods 30 and 31, 13 grams of calcium were retained, while the 
tetany advanced in severity and a low serum calcium persisted. The 
regulation of serum calcium appears to be almost entirely independent 
of calcium absorption and to depend chiefly upon internal factors exist- 
ing in the blood and other body fluids. The striking contrast between 
the effects of a little calcium chloride intravenously and a large quan- 
tity of calcium absorbed from the gastrointestinal tract is impressive 
but the reasons for this are quite obscure. 

Witli the transformation whicli followed the resection of a para- 
thyroid tumor there was a change in the urinary calcium excretion* 
For over a week it remained normal and then almost ceased. The 
change was so sudden as to suggest a kidney-threshold phenomenon. 
1 he calcium disappeared from the urine when the serum calcium had 
fallen to 7.5 mgm. per cent. Further studies, however, did not estab- 
lish an absolute threshold, for later appreciable amounts of calcium 
were excreted by the kidneys in periods during which the serum cal- 
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dum was quite low. - The remarkable fall ia urinary calcium after 
operation was also observed by Mandl (56), Gold (37), Wilder (79), 
Hannon et al. (44), Boyd et al. (13), and Snapper (73). 

Greenwald and Gross (39) noted in their experiments with dogs that 
the most striking change in metabolism after parathyroidectomy was 
a marked retention of phosphorus. This was not necessarily accom- 
panied by any increase in serum phosphorus. They also found a 
decrease in the urinary phosphorus excretion. Changes in the phos- 
phorus metabolism similar to Greenwald’s were noted in Case 1 as 
she reverted to hypoparathyroidism following the removal of the para- 
thyroid tumor. There was an immediate drop in the phosphorus 
excretion with the production of a positive balance. In comparison 
with the early periods of study (1 to 5) there was a slight increase in 
fecal excretion. The change to a positive balance was due to a 
decrease of phosphorus in the urine. This was at first associated with 
a remarkable increase in the serum phosphorus which reached the 
surprising figure of 11.3 mgm. per 100 cc. on the 9th day. It is note- 
worthy that there was an immediate fall in the serum phosphorus 
without modification of the urinary phosphorus when calcium was 
administered. The administration of parathormone at this time was 
not attended by any alteration in the phosphorus metabolism. 

The study of the phosphorus and calcium metabolism of Case 1 was 
continued for over ten months following her operation. The interval 
was characterized by marked retention of both calcium and phos- 
phorus. From the data we can summarize the calcium and phos- 
phorus balance of the entire period as follows: 

Total calcium intake. 

** output 

Calcium retained. . , 

Total phosphorus intake. 

“ output 

Phosphorus retained 1/9.91 

Calcium exists in bone chiefly as Ca 3 (P 04)2 together with a small 
quantity as carbonate. If we calculate the amount of calcium which 
would combine with the 179 grams of phosphorus to form Cas (^ 04)2 a- 


311.67 

131.76 


927.27 

577.19 
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value of 348 grams is obtained to compare wth the 350 grams of cal- 
cium actually stored. 

For a year and a half following operation, Case 1 required an exces- 
sive calcium intake and parathormone to prevent tetany. The bones 
became rigid. The tumor of the maxilla receded. The teeth became 
tight. She gained considerable strength but the chronic urinary tract 
infection associated with bilateral nephrolithiasis continued in spite 
of treatment. A moderate retention of nitrogen gradually developed. 
Removal of the kidney stones seemed unjustifiable because of her poor 
general condition. She finally died fourteen months after the para- 
thyroid tumor was removed, from uremia and the progressing urinary 
tract infection. 

On June 18, 1929, at the beginning of Period 12 parathyroidectomy 
was performed on Case 2. A tumor about 3 cm. in diameter was 
removed under local anesthesia from the region of the left lower pole 
of the thyroid and behind the inner end of the clavicle. Microscopic 
e.xamination proved this to be parathyroid though the section showed 
very little normal parathyroid tissue. The bulk of the tissue was 
made up of deeply stained cells with large nuclei with apparent at- 
tempts to form acinar arrangement. The day follow ng operation the 
patient was able to be up and resume his usual activities. Twenty- 
four hours after operation the serum calcium had fallen to 10.6 mgm. 
per 100 cc. In 48 hours it had fallen to 9.7 mgm. with no change in 
the serum phosphorus. At this time, in response to questioning, he 
stated he had a little tingling about his face and fingers. Trousseau^s 
or Chvostek’s signs were not present. On the fifth day at a time when 
the serum calcium was 8.6 mgm. and phosphorus 3.7 the patient de- 
veloped a slight diarrhea having four watery bowel movements during 
the morning accompanied by some adbominal cramps. There was 
nothing unusual in the diet that might account for this. The lowest 
serum calcium, 8.3 mgm. per 100 cc. was encountered on the 7th day; 
the serum phosphorus had increased to normal. There was no change 
whatever in his general body sensation. There was no evidence of any 
definite dmngc in muscle tone. Chvostek’s and Trousseau’s signs had 
never been elicited. He had had some slight cramps in tlie calves of 
his legs at night but insisted this had been a common experience 
for years. 
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TABLE 7 

Summary of the changes in the blood and in the calcium and phosphorus metabolism of Case 2 
following extirpation of a parathyroid tumor 


u 

JCt 


Serum 

Calcium. Daily average 

Phosphorus. 

Daily average 

B 

§ 

Day 


2 

o 


1 




i 



’■a 

.2 

4f 

fli 


Calciun 

J3 

a 

1/1 

o 

Intake 

Output 

1 

'o 

o 

Cn 

Intake 

Output 

u 

.s 

5 

’o 

o 



mst». 

per 

100 

cc. 

mgttt, 

per 

100 cc. 

granM 

grams 

grams 

grams 

grams 

grams 

grams 


5 

Pre-operative 

14.9 

1.9 

3.69 

3.41 

0.587 

2.82 

1.4(5 

l.OS 

0.82 

0.26 

11 

Pre-operative 

14.0 

2.4 

0.99 

1.17 

0.501 

0.67 

1.51 

1.46 

1.18 

0.28 

12 

1st post-operative 
2nd post-operative 

10.6 

2.1 










3rd post-operative 

9.7 

2.2 

0.74 

0.59 

0.080 

0.51 

0.67 

0.45 

0.23 

0.22 


4th post-operative 

9.1 

2.4 









13 

5th post-operative 
6th post-operative 

8.6 

3.7 

0.87 

0.79 

0.044 

0.75 

1.36 

0.93 

0.55 

0.38 


7th post-operative 
8th post-operative 

8.3 

3.1 









14 

9th post-operative 
10th post-operative 
11th post-operative 
12th post-operative 

8.8 

3.1 

0.97 

0.73 

0.019 

1 

0.71 

1.59 

0.97 

0.60 

0.37 

15 

13th post-operative 
14th post-operative 
15th post-operative 
16th post-operative 

9.2 

2.1 

0.64 

0.60 

0.019 

0.58 

1.53 

1.18 

0.83 

0.35 

16 

17th post-operative 










0.52 


18th post-operative 
19'th post-operative 



3.61 

2.85' 

0.010 

2.84 

1.51 

0.91 

0.39 



20th post-operative 












58th post-operative 

10.5 

2.9 










172nd post-operative 

10.91 

4,5 


: 




1 
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The changes in the phosphorus and calcium metabolism which were 
encountered in Case 2, after removing the parathyroid tumor are 
summarized in table 7. The most striking change was the marked 
drop in the urinary calcium excretion. There was an immediate 
decrease in the calcium output due entirely to a fall in the urinary 
excretion. There was no evidence of any decided alteration in the 
calcium excretion in the stools. In 7 periods of low calcium intake 
before operation the average fecal excretion was 0.70 gram daily, while 
in four similar periods after operation the fecal excretion averaged 0.64 
gram daily. In the preoperative period, 5, and the postoperative 
period 16, the high calcium intake was similar. In the first instance 
the average fecal excretion was 2.82 grams; in the second 2.84 grams 
daily. After operation' there was a slight decrease in phosphorus out- 
put due to a slight decline in the urinary excretion. ‘ 

NITROGEN, CREATINE AND CREATININE METABOLISM 

A great part of the earlier literature on the function of the para- 
thyroid glands concerns their relation to various aspects of nitrogen 
metabolism. Investigators have reported, in parathyroid tetany, an 
increased excretion of total nitrogen, ammonia, purine bodies, creatine, 
creatinine and guanidine bases. There seems to be no doubt of the 
increased nitrogen excretion in parathyroid tetany but Greenwald (38) 
showed this did not appear until after convulsions had started. Sal- 
vesen (64) found normal nitrogen excretion in latent tetany. After 
parathyoid extract in dogs, Greenwald and Gross (40) discovered an 
increased nitrogen excretion. Wilder’s patient 'with hyperparatliy- 
roidism (79) stored considerable nitrogen during a ten-day period while 
on a high vitamin diet. The total nitrogen of Case 1 was studied 
before and after extirpation of a parathyroid tumor. For one hundred 
days before operation, while in the hyperparathyroid state, slie 
appeared to be on nitrogen equilibrium. During this period the total 
nitrogen intake was 722 grams, the output 668 grams. For 100 days 
following the operation the nitrogen intake was 675 grams, the output 
41 1 grams. At the end of this period, however, she was appro.ximately 
in equilibrium again. These studies, therefore, do not indicate that 
there is any marked abnormality of nitrogen metabolism in hyper- 
parathyroidism. 
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The relation of the guanidine bases to the parathyroid glands has 
aroused considerable interest, which has been stimulated by the fact 
that guanidine esters may produce a condition simulating parathyroid 
tetany. The large amount of creatine in muscle, the muscle phe- 
nomena associated with tetany and the chemical similarity of creati- 
nine and the guanidine esters naturally suggests a possible relation 
between creatine metabolism and the parathyroids or calcium. Green- 
wald (38) and Burns (18) found a decrease in creatinine excretion after 
parathyroidectomy and Greenwald (38) an increase in creatine excre- 
tion. Hammett (43) reports that addition of parathyroid tissue to 
muscle extract retards the formation of creatinine which normally 
occurs. Woodman (82) found that feeding parathyroid to rats caused 
an alteration in the ratio of creatine and creatinine excretion resulting 
in the elimination of more creatine and less creatinine. Berglund, 
Medes and Lohmann (8) found no change in the creatinine in myas- 
thenia gravis after increasing the serum calcium by parathormone. 

Case 2 with typical hyperparathyroidism, yet free from complica- 
tions and in good physical conditions except for a moderate anemia, 
offered ideal conditions for the study of creatine metabolism in this 
disease. The urinary excretion of creatine and creatinine nitrogen 
was determined during the eight days preceding and the eight days 
following operation. In the hyperparathyroid state an average of 25 
mgm. of creatine nitrogen and 410 mgm. of creatinine nitrogen was 
excreted daily. Following the extirpation of a parathyroid tumor 
there was an immediate slight increase in creatine and a definite 
decrease in creatinine elimination. For the first four days a daily 
average of 81 mgm. of creatine nitrogen and 83 mgm. of creatinine 
nitrogen were excreted. Thereafter the excretion was similar to the 
preoperative days; creatine nitrogen 29 mgm. and creatinine nitrogen 
406 mgm. daily. Except for the few days after operation the creatinine 
excretion was quite normal, corresponding to Shaffer’s normal creatine 
coefficient. 

SERUM ELECTROLYTES IN HYPERPARATHYROIDISM 

That the activity of the parathyroid glands regulate the level of two 
inorganic constituents of the plasma and may cause profound altera- 
tion in their concentration appears of considerable physiological 
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interest. As far as we are aware no phenomenon in animal economy 
is entirely comparable to this unless we consider the remote similarity 
to the hormone influence on acid and alkali secretion of the stomach, 
pancreas and intestines. We have, at present, no knowledge as to 
the mechanism of this action. The cliaracteristic alteration consists 
of a reciprocal rise and fall of the phosphorus and calcium; with a High 
calcium, a low phosphorus is usually encountered, and vice-versa, with 
high phosphorus as in tetany, low calcium is found. This behavior 
is typical of the effect of the solubility product of electrolytes in satu- 
rated inorganic solution and appears especially significant since the 
body fluids are in contact with an extensive surface of the undissolved 
phase, calcium phosphate in bone. But one mysterious feature 
appears. The quantity of calcium and phosphates in blood serum is 
far greater than can exist in simple aqueous solution of their salts. 
The parathyroids appear to increase the amount of calcium which 
may exist in serum yet in such a manner that it still maintains its 
reciprocal relationship to phosphorus as though following the laws 
of simple inorganic solutions. The marked physiological effects, 
which result from changes in serum calcium hint that the hormone 
may actually influence the ionic concentration instead of undissociated 
compounds as suggested by Greenwald and Gross (40). 

The fact that the parathyroid glands may cause such marked 
changes in the calcium and phosphorus of the blood serum urged a 
careful investigation of the state of the other inorganic constituents 
in patients with h 3 q)erparathyroidism. 

Collip (23) found that in dogs which had received parathyroid 
extract, carbon dioxide of serum gradually increased with a consistent 
slight increase in pH, The whole blood chloride was diminished but 
as the erythrocytes contain considerably less chloride than plasma 
this may have been due to the great concentration of blood. In a 
parathyroidectomized dog there was no change in the chloride of 
the blood after parathormone. Cantarow (19) et al. studied the effect 
on the blood of patients with pulmonary tuberculosis after relatively 
small doses of parathyroid extract. They found no constant change 
in plasma CO 2 or chloride. Brehme and Gyorgy (14) found no change 
in the CO* in normal or tetanic children after parathormone although 
the alteration of phosphorus and caldum was quite typical. In 23 
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The day preceding operation 
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patients with various diseases Csepai and St. Weiss (25) found no 
constant change in serum pH as the result of parathormone. Wilson 
and Riegel fSl) studied the effect of parathormone on certain blood 
electrolytes in dogs. In the serum they observed a fall in the chloride 
and sodium and a delayed rise in potassium, while in the corpuscles, 
a- decrease in the sodium and an increase in the potassium. There 
was little change in the water of the corpuscles or serum. 

The total electrolyte equilibrium of the serum of three patients 
with h3q)erparathyroidism was studied in detail. The methods were 
exactly the same as those described in a previous publication (17). 
The results are recorded in table 8. The total determined acids in 
Column 6 show the sum of the bicarbonate, chloride, phosphate and 
protein, expressed in millimols of base combining capacity. The 
difference between the determined acids and the total base has been 
placed in Column 8, as undetermined acids, and includes the organic 
acid fraction and the normally small amount of sulfate. 

As serum is practically neutral the total acids equal the total base 
and since there are no significant organic bases total base determina- 
tions may be used as a measure of that part of the total osmotic pres- 
sure which is due to the electrolytes. Gamble, Ross and Tisdall (35) 
and Peters, Bulger, Eisenman, and Lee (61) have emphasized the fact 
that the total base of serum is maintained at a remarkably constant 
level. They demonstrated how bicarbonate, chloride and protein may 
fluctuate to a greater extent yet reciprocate in their changes in such a 
manner as to keep the total acid relatively constant. The determina- 
tions of the total base on these patients will serve to emphasize further 
its remarkable stationary value. In the three patients it was con- 
tinually quite normal and hardly varied outside the limits of experi- 
mental error even after considerable base had been administered in 
Case 1 and under conditions which had altered the serum anions. 
Case 1 reverted to severe tetany after removal of a parathyroid tumor 
and developed a ketosis without any change in the total base. Fol- 
lowing extirpation of the parathyroid tumor in Case 2 there was no 
change in the total base concomitant with the striking decrease in 
serum calcium. There was no indication in the examinations of the 
other serum electrolytes of any abnormality characteristic of hyper- 
parathyroidism except the shift in phosphate and calcium. It is 
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curious, however, that in both Case 1 and Case 2 the chloride concen- 
tration was definitely higher than that generally encountered in normal 
individuals. This was associated wth relatively low bicarbonate in 
both patients ; especially low in Case 1 . In other words these patients 
had a mild chloride acidosis. But in neither case was this state 
altered by removing the hyperparathyroid condition. 

The undetermined acid fraction in Case 2 was normal. The slight 
elevation of this fraction in Case 1 on August 11th, nine days after 
operation, was probably due to the organic acids resulting from the 
ketosis which developed on a low carbohydrate intake. No explana- 
tion can be offered for the slight increase on June 23rd. The two 
determinations of the serum electrolytes of Case 3 after a low calcium 
intake and after a high calcium intake both presented the same definite 
abnormality. The total electrolyte level as indicated by the total 
base was the same in both instances and normal. The undetermined 
acids were markedly increased while the other anions were low. This 
increase in undetermined acids was undoubtedly related to the asso- 
ciated kidney insufficiency and most likely represents a considerable 
retention of sulphate. 

There appears to be no characteristic change in serum protein con- 
centration associated with hyperparathyroidism. The first estima- 
tion of protein in Case 1 was definitely elevated. Thereafter the con- 
centration tended to fail until the last determination almost four 
months later when it was quite low. The serum protein of the second 
case was moderately reduced. These downward deviations were pos- 
sibly a result of chronic malnutrition. In neither case was the transi- 
tion from hyperparathyroidism to hypoparathyroidism accompanied 
by any evident cliange in the concentration of serum protein. The 
very low protein of Case 3 was associated with extreme undernutrition. 

In tliese studies we find, therefore, no evidence of any definite change 
in serum electrolytes which can be related to the increased activity of 
the parathyroid gland, except the alteration in phosphorus and calcium. 

DISCUSSION 

In 1923 Morton (60) suggested that in generalized osteitis fibrosa 
there might be an abnormality of calcium metabolism comparable to 
the abnormal carbohydrate metabolism of diabetes mellitus. He sug- 



hyperparathyroidism: 



lo oo 
VO O VO VO CvJ C^’ CS 


I ^ ^ v-v ^ '•-H 

.C3 


5*^ i5 

CO 


r-( 





VO VO VO 
CO VO VO 


lo VO 
CN CO T-H 


CNCSOOvOVnOvO-'-HCOl^OVCvjOVCvjrOlO^CO 

CO’-HvOOCO'^OOvOV'v-il^.iOOOUOCNt^OcOCO 

■^iOT-sTj<cot^OVoiOCiOTi<covoT-(ior^oOc^tO 

^ r~< y-i ^ ^ ^ 


Tj^t^t^cOvovOiOvOt^rHOvCSOOlOrHCO'^cO'^Ov'^Ov 

CvJCvJOOLO*>-VOCOVOOV'^Tt<VO-i-(^-HCOCO >-<'.-«000000 






— — 




to 

y-i 

CO 

tH 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 







VO 



CO 


CM 

VO 



Til 

O 

VO 


CM 

CO 

VO 

▼—4 

00 

O 


o 

«: 


CO 

CO 

CM 

CO 

y~( 

O 

o 


VO 

00 

CO 


CM 

OV 

VO 

Tit 


CO 

oo 

Tit 

CO 


CO 

ir 

O 

O 

d 

o 

d 

o 

d 

d 

o 


o 

y-< 

CM 

to 

vO 

Til 

CM 


rH 

CO 

CO 

CO 


u 


cs 


00 

Ov 

o 

O 

Tjt 

00 

VO 

t*H 

00 

tr-~ 


Tit 

to 


to 


to 

VO 

to 

CO 

<n 

H 

o 

J3 

•c 

5 


o 

LO 



c>. 


CO 

Ov 

Tit 

Tjt 

to 


VO 

to 

vO 

00 

Ov 

VO 

CO 

Ov 

o 


to 


Tji 


to 

'vi< 


CO 

CO 

to 

CM 

CO 

tH 

Tit 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CO 

Tit 

Oi ' 

o ' 

3 

5 

Ov 

OO 


CO 


v-l 

CM 

o\ 

00 


to 


to 


y-i 

Tit 


S 


X^ 

CO 

oo 

rC 1 

Q. 

5 


CO 

o\ 

q 

q 

00 

CM 

q 

q 

q 

to 

Ov 

Ti* 

to 

q 

CM 

q 

y-i 

q 

CO 

1 

O 

C« 

lO 


■vii 

vO 

to 

Tit 

to 

to 

vd 

"d 

Tii 

to 


r-. 

Ov 


to 

Tit 

Ti^ 

vd 

x^ 

x^ 

1 

o 


o 

o 

O 

o 

o 

o 

O 

o 

00 

VO 

CO 

Tit 

Ov 

CM 

Ov 

y-i 


CO 

CM 

to 

Tit 

O 1 


rt 


VO 

vO 

VO 

VO 

VO 

VO 

vO 

VO 

CM 

Tf 

CM 

CO 

CO 

CO 

oo 

CM 

Tit 

CO 

to 

U') 

u-i 

q 1 

! 

C 

H«4 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

to 

CO 

CO 

CO 

CO 

CO 

Tit 

CO 

CO 

CO 

CO 

00 

00 



u, 

cq 

o 

to 

o 


VO 

Tjt 

tH' 

o 

Tit 

Ov 

CO 

VO 

Tit 

VO 

tH 


Ov 

CM 

y-i 

VO 

Tit 


c 



00 

Cvj 

to 

oo 


q 


VO 

CO 

q 

CO 

Ti< 

q 

q 


VO 

q 

CO 

q 

o 

CM 


CO 

CO 


CN 



vO 


vd 

CM 

Tjt 


f-S 

to 

to 

VH 

CO 

CO 

CM 

Tit 

CO 

CO 

vd 

d 


<1> 

1 3 

*o 

»-l 


!>-. 

Ov 

CM 

Ov 

Tit 

CO 

o 

to 


CO 

to 

o 

Tit 

CO 

c^ 


VO 

Tit 

VO 


'C 

1 vs 


cs 

cs 

q 

r- 


CM 

q 


to 

Tit 

to 

q 


o 


q 

00 

to 

to 

tH 

1— t 

Caldum 

' ^ 



vH 

T— f 

d 

^-i 

CO 

d 

Tft 

d 

vd 

d 

d 

d 

d 

f-H 

o 

d 

d 

d 

d 

d 

d 




v-C 

<M 


O 

CO 

CO 

00 

CO 

Tjt 

Tt< 

oT 

Ov 

Ov 

Ov 

VO 

to 

Tit 

00 

Ov 

x%. 

o 

o 

a 


lo 

q 

uo 


VO 

CO 

q 

q 

q 

CO 

q 

00 

OO 

VO 

VO 

q 

q 

CM 

OO 

Ov 

CM 

Tit 


1 

' ^ 

fo 


to 

to 

GO 

d 

y-i 

to 


to 


y—i 

cd 

to 

CM 

Tit 

Tit 

CM 

to 

CO 

CO 

VO 

d 

<—1 




cs 

Vo' 

"co 

to 


to 

uT* 

cT“ 


Ttt 

"FT' 


Ti* 

oT 

1-H 


ir-( 


x^' 

"FT" 

o" 

CM 





yr^ 

CO 

VO 

00 

q 

00 

q 


00 


VO 




00 

x^ 

x^ 

X^ 

00 


C3 

§ 

CN 

CN 

Oi 

CM 

<M 

CO 

00 

CO 

CO 

CO 

Ti< 

Tf< 

Tit 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

Tit 

Tit 


t-i 

CO 



















., - 











— 

— 

— 

— 

— 

— 



CSC 0 *^VOV 0 ^^ 00 avO'-t<MC 0 '^*Ov 0 r-.^^O;;W^ 

^ T>-l T— ( r-t •r-l y-^ y~i y-i CS CS CS 


^^^C^CNCO ^t-lCSCSC^>~l 

ooo o o oo oo OPP 55-2 


0 J 5 QJ:j,XC 0 CN^O^»-^* 00.2 t:;'jH iq g 


S § S S g ^ 


3 3 




















II. A. BULGER, H. H. DIXON, D. R. BARR AND 0. SCHREGARDUS 179 




HYPEIIPARATHYROIDISM 



lo tJ 4 lo C50 

00 

O VO 

VO VO VO 

>0 >0 VO VO CM CM CM 

CO 

to 

CO VO VO 





.cs 







1-t 


CM 

to 

to 

— 



GO 

— 

— 

O 

— 

to 

— 









CO 


CO 

Tj< 

Ov 


o 


t-Y 

o 


to 

VO 

t^Y. 



Sfw VJ 









CO 

1-1 

*o 


CO 


CM 

co’ 


CM 

CO 

1-1 

























vS 

^ V* 




CM 

CM 

o 

Ov 

o 

lo 

Ov 

o 

i-l 

00 

c>. 

Ov 

CM 

(Ov 

CM 

CO 

to 

1-1 

00 

csCj 




CO 


VO 

o 

CO 


o 

o\ 

o\ 

1-1 


to 

00 

to 

CM 

tY, 

o 

CO 

CO 





'^' 

lO 

^—4 


CO 


o 

to 

to 

00 

•if 

CO 

VO 


to 

tYl 

OO 

CM 

to* 

■ * ^ 







1-1 



yH 





1-1 

rH 

CM 

CM 




M 


























t^ 

CO 

to 

vO 

to 

vO 


iH 

Ov 

CM 

00 

to 

tH 

00 


CO 

1—1 

Ov 


Ov 

5 

CM 

CM 

00 

i/j 


VO 

CO 

VO 

Ov 

-MV 


VO 



CO 

CO 

tH 

y-^ 

o 

00 

o 

CO 

fcC 


■»-4 

T-» 

CM 


»H 



CM 

CM 

CO 

CO 

'cl* 

CM 

CM 

CM 

CM 

CM 

CM 

rH 

CO 

CO 







to 


fO 

















VO 




CO 

I—* 

CM 

VO 




o 

VO 


CM 

CO 

VO 

1-1 

CO 

o 

S: 


CO 

CO 

CM 

CO 

1—1 

o 

o 

1-1 

VO 

00 

CO 


CM 

Ov 

VO 


t>* 

CO 

OO 


CO 

64 

o 

O 

O 

o 

o 

o 

d 

o 

o 

i-H 

o 

1-1 

CM 

to 

VO 


CM 

1-1 

1—1 

CO 

CO 

cd 

1 

CM 


00 

0\ 

o 

o 

Tj< 

00 

VO 


CO 

ri. 


rjt 

to 

*•- 

to 

1— 1 

to 

VO 

to 

00 



O 

lo 


«>► 

r- 

T-i 

CO 

Ov 



to 


VO 

to 

VO 

00 

Ov 

VO 

CO 

Ov 

o 

w 

b« 

Tji 

Tji 


lO 

'Cji 


CO 

CO 

to 

CM 

CO 



CM 

CM 

CM 

CM 

CM 

CM 

CM 

CO 

Tjf 

S3 

o\ 

00 


CO 



CM 

o\ 

CO 

ri. 

to 


to 

S 

1-1 

Tjt 

t-Y 




CO 

CO 

1 i 

t-H 

CO 

o\ 

o 

o 

00 

CM 

CO 

o 

O 

CO 

Ov 


to 

CO 

CM 

O 

1-1 


CO 

1 ^ 

lO 



\o 

lo 


CO 

CO 

vd 


r}J 

to 



ov 


to 


Tjt 

vd 

tY« 

til 


o 

o 

O 

o 

o 

O 

o 

o 

CO 

VO 

CO 


Ov 

CM 

0\ 

1—1 


CO 

CM 

to 


o 

s 

Q 

VO 

VO 

VO 

VO 

VO 

VO 

VO 

VO 

CM 


CM 

CO 

CO 

00 

CO 

CM 

•6f 

00 

to 

to 

to 

•^ 


CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

od 

CO 

rd 


CO 

CO 

CO 

CO 

00 

00* 


CM 

o 

lO 

o 


VO 


Tj<- 

o 


Ov 

CO 

VO 

tH 

vO 

1— 1 


Ov 

CM 

1-1 

VO 


i 


CSO 

CM 

lO 

00 


CO 


VO 

CO 


CO 


Ov 

VO 

o. 

VO 

CO 

CO 


O 

CM 

64 

CM 

CM 



VO 


vd 

CM 



yH 

CO 

to 

1— t 

CO 

CO 

CM 

Tf 

CO 

CO 

vd 

d 

Y-i 


^CSCvJOv*>-'i-(01COt^^^‘^'^-t^Of^rOCO»OiOW^ 

vH^<.-HO'*-Hr0C>'^*OOOOOO’<->OOOOOOO 


^-.^CSt^OCOCOCOCO'^'^0\ONO\'OiOTt<QOO\^00 

lOOLOTi<vooo\OOcOt^^OOOO'^'^‘^^^°®^^'^ 

*-( tw . . 


^,^,-tcy5-i^vocoO\COO\t^oOJ^-''0-t^t^t^oor^«^r^oo 

CMCMCMrMCMfOOOrOfOfO’^'^^<NCSCMCM<N(MCM':^’^ 



rHT-lT-l»— |T-l^'— *’-*^'^CNCM CM^ 


CM CM CO tm tm tH cm cm CO ^ ■»— < CM CM CM 

PPPOooOOOOOOPQQPP 


CM VO 0 'Tj< 00 3 VO O 

-rWi-HCMCMCMf— 

OOQOOOqo 


®iS2^'^‘=OCMVOO'^00<rHlOO^^ iG S '’•» 

-•-HCMCM T-(T-rCMCMCM ^^-HCMCMCM 

fat iti'' 

< <<;^ ^ »— »»— 4H-iH-ii-->i--,i— it— »> 





















H. A. BXJLGER, H. H. DIXON, D. P. BARR Al^D 0. SCHREGARDUS 181 

gested that the calcium in the blood might be higher than normal and 
might occasion a loss of calcium through the kidneys. The accuracy 
of his analogy is well borne out by the studies of hyperparathyroidism. 
The general character of the abnormal metabolism of both diseases 
is similar. In diabetes a deficient production of an internal secretion 
results in an elevation of the blood sugar. In hyperparathyroidism an 
increased production of an internal secretion causes a rise of the serum 
calcium. In both conditions the alteration gives rise to certain general 
disturbances in the body and effects a loss of the involved substance 
through the kidneys. 

Many of the clinical manifestations of hyperparathyroidism appear 
to be directly or indirectly related to hypercalcemia. F rom our knowl- 
edge of the influence of calcium on muscle physiology, symptoms 
referable to the muscular system could have been predicted. Muscle 
weakness, sometimes extreme, appears as a prominent feature. A 
decrease in muscle irritability was evidenced by three patients pre- 
sented here who had absent or diminished response to f aradic stimula- 
tion. It appears from numerous studies in the literature that an 
increase in the calcium concentration causes an increase in the tone of 
smooth muscle and of the heart (63) (16). The hypercalcemia of 
parathyroid extract appears to cause similar changes (32) (48). The 
cases of hyperparathyroidism reported by Gold (37) and by Boyd, 
Milgram and Stearns (13) had definite gastrointestinal symptoms 
which conceivably were due to the influence of high calcium on smooth 
muscle. Apparent circulatory failure developed in Case 3 as the serum 
calcium became very high after excessive calcium administration. It 
would seem that sudden cardiac episodes might be ex'pected in hyper- 
parathyroidism. Such an occurrence is suggested in the case of 
osteitis fibrosa reported by Dawson and Struthers (28) who succumbed 
four hours after unexpected and mysterious collapse. Two cases 
observed here became stuporous and irrational with exceedingly high 
serum calcium. The metastatic calcification is probably related to 
the hypercalcemia but we have as yet little knowledge concerning the 
mechanism of its production and its relationship to clinical features of 
the disease. As noted above it is most often found in the lungs, 
gastric mucosa and the kidneys, in tissues where acid is excreted. 
Cases in the literature with evidence of hyperparathyroidism have 
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TABLE 10 


Calcium and phosphon^ metabolism of Case 2, Four-day periods 


4-day periods 
(1929) 

Period 

Calcium 

Phosphorus 

Serum phos- 
phate 

Serum cal- 
cium 

Intake 

Output 

Urine 

*0 

o 

CO 

Intake 

Output 

Urine 

'o 

o 

w 











mgm. 

mgm. 



grams 

grams 

gravis 

grams 

grams 

grams 

grams 

grams 

per 

m 

Per 

100 

May 5 to 8 

1 

3.04 

4.25 

1.474 

2.78 


4.47 

3.22 

1.25 

1.6 

CCm 

16.8 

May 9 to 12 ...... . 

2 

3.25 

2 75 

IWIm 

1.69 

HR 

4 19 

3 28 

0 91 



May 13 to 16 

3 

4.18 

5.19 

2.220 

2.97 

6.23 

5.85 

4.78 

1.07 

1.8 

15.2 

May 17 to 20 

4 

3.79 

5.13 

2.162 

2.97 

5.52 

5.39 

4.32 

1.07 



May 21 to 24 

5 

14.77 



11.26 

5.85 

4.34 

3.30 

1.04 



May 25 to 28 : 

6 

15.34 

19.69* 

2.421 

15.43* 

5.84 

10.45* 

3.86 

2.396* 

1.9 

14.9 

May 29 to June 1. . 

7 

3.30 


1.835 


4.83 


4.19 


2.1 

14.0 

June 2 to 5 

8 

3.68 


1.978 

Lost 

5.36 


4.69 

1 Lost 



June 6 to 9. ...... . 

9 

3.92 



! 3.51 

5.81 

5.62 

4.14 

1,48 



June 10 to 13 

: 10 

gmiii 

4.97 



6.11 

5.35 

3.71 

1,64 

2.6 

1^.1 

June 14 to 17 

11 

3.96 

4.69 

atiBB 

2.69 1 

wmm\ 

5.84 

4.71 

1.13 

2,4 

IS] 

June 18 to 21 

12 

2.98 

2.39 

0.320 

mi 

2.69 

1.82 

0.92 

0.90 

2.1 

9.7 

June 22 to 25 

13 

3.58 

3,19 

0.176 


5.44 

3.75 

2.21 

1.54 

2.4 

9.1 

June 26 to 29 

14 

3.89 

2.91 


2.84 

6.36 

3.92 

2.42 

1.50 

3,1 

8.3 

June 30 to July 3 . . 

15 

2.58 

2,41 


2.3*3 

6.13 

4.70 

3.31 

1.39 

2.1 

9.2 

July 4 to 7 

16 

14.46 

11.40 

H 

11.36 

6,06 

3.67 

1.59 

2.08 




* The stool specimen in this instance was collected during two periods: 6 and 7, 
from May 25th to June 1st. 


TABLE a 


Calcilwi and phosphorus 7nelaholism of Case J. Pour-day periods 


4-day periods 

Period 

Calcium 

Phosphorus 

Scrum phos- 
phate 

*3 

u 

is 

03 u 
CO 

Intake 

Output 

Urine 

Stool 

Intake 

Output 

Urine 

Stool 











j mgm 

mgm. 



grams 

grams 

grams 

grams 

grams 

grams 

grams 

grams 

\m 

\mk 

November 9 to 12 

1 

2.17 

4.34 


3.23 

3.82 

2.76 

1.63 

1.13 

2.6 

15.4 

November 13 to 16 

2 

2.57 

mmvi] 

V m 

5.90 

3.57 

3.36 

1.68 

1.68 

3.57 

14.6 

November 17 to 20 

3 

1.72 

4.35 

fffj 

3.34 


2.82 

1.35 

1.47 

5.6 

14.6 

November 21 to 24 

4 

2.53 

2.71 

m M 

1.98 

2.94 

2.44 

1.47 

0.97 



November 25 to 28 

5 

5.25 

4.13 


3.38 

3.51 

2.84 

1.56 

1.28 



November 29 to De- ; 












cember 2 

6 

5.14 

3.42 


2.85 

2.95 

2.28 

1.27 




December 3 to 6 

7 

5.19 

1.55 

0.183 

1.37 

3.44 

1.83 


wHml 

5.26 

15.7 

December 7 to 10 

8 


5.45 

0.808 

4.65 

3.68 

3.02 

1,05 

1.97 



December 11 to 14 

9 


10.83 

0.760 


3.84 

3.05 

0.68 

2.37 



December 15 to 18 

m 

14.38 

6.35 

1.051 

5.30 

BUtill 

2.33 

0.89 

1.44, 

5.3 j 

17.8 

December 19 to 22 

11 

4.10 

2.57 

1.598 

EH 

7.48j 

5.41 

m 

4.34 J 

L6 i 

11.7 
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gested that the caldum in the blood might be higher than normal and 
might occasion a loss of calcium through the kidneys. The accuracy 
of his analogy is well borne out by the studies of hyperparathyroidism. 
The general character of the abnormal metabolism of both diseases 
is similar. In diabetes a deficient production of an internal secretion 
results in an elevation of the blood sugar. In hyperparathyroidism an 
increased production of an internal secretion causes a rise of the serum 
calcium. In both conditions the alteration gives rise to certain general 
disturbances in the body and effects a loss of the involved substance 
through the kidneys. 

Many of the clinical manifestations of hyperparathyroidism appear 
to be directly or indirectly related to hypercalcemia. From our knowl- 
edge of the influence of calcium on muscle physiology, symptoms 
referable to the muscular system could have been predicted. Muscle 
weakness, sometimes extreme, appears as a prominent feature. A 
decrease in muscle irritability was evidenced by three patients pre- 
sented here who had absent or diminished response to faradic stimula- 
tion. It appears from numerous studies in the literature that an 
increase in the calcium concentration causes an increase in the tone of 
smooth muscle and of the heart (63) (16). The hypercalcemia of 
parathyroid extract appears to cause similar changes (32) (48). The 
cases of hyperparathyroidism reported by Gold (37) and by Boyd, 
Milgram and Stearns (13) had definite gastrointestinal symptoms 
which conceivably were due to the influence of high calcium on smooth 
muscle. Apparent circulatory failure developed in Case 3 as tlie serum 
calcium became very high after excessive calcium administration. It 
would seem that sudden cardiac episodes might be expected in hyper- 
parathyroidism. Such an occurrence is suggested in the case of 
osteitis fibrosa reported by Dawson and Struthers (28) who succumbed 
four hours after unexpected and mysterious collapse. Two cases 
observed here became stuporous and irrational with exceedingly high 
serum calcium. The metastatic calcification is probably related to 
the hypercalcemia but we have as yet little knowledge concerning the 
mechanism of its production and its relationship to clinical features of 
the disease. As noted above it is most often found in the lungs, 
gastric mucosa and the kidneys, in tissues where acid is excreted. 
Cases in the literature \rith evidence of hyperparathyroidism have 
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shown a high incidence of urinary tract disease. Nephrolithiasis 
with secondary pyelitis and cystitis has been common. The possible 
relationship of this phenomenon to the excessive urinary calcium 
excretion is obvious. 

These studies have indicated that the metabolism of calcium and 
phosphorus in bone disease should be examined more critically. So 
often only the total calcium and phosphorus balance has been em- 
phasized. Such factors as distribution of calcium and phosphorus 
between the urine and the feces appear to show at times certain 
characteristics, an emphasis of which may present important differ- 
ential diagnostic features and therapeutic indications. In the litera- 
ture there is great confusion even as to the terminology of bone dis- 
eases. One notes the tendency to use the term osteomalacia in con- 
nection with almost any generalized disease of the skeleton occurring 
in adult life. Even though etymologically the term could be used in 
a general sense, it seems desirable to limit it quite strictly. There 
seems to be ample evidence that there is a specific type of disease mth 
a distinct pathological physiology for which this name should be 
reserved. Maxwell (57) points out that it must be differentiated 
from hyperparathyroidism. The calcium and phosphorus metabolism 
in the two diseases present striking contrasts. The study of Miles 
and Feng (59) has shown most completely the abnormalities encoun- 
tered in osteomalacia. It demonstrates the low serum calcium, the 
diminished calcium output in the urine and the excessive excretion of 
both calcium and phosphorus in the stools. Earlier but less complete 
studies have sho\vn similar changes. A case of non-puerperal osteo- 
malacia investigated in this clinic has shown abnormalities identical 
with those presented by Miles and Feng. 

It is apparent that the metabolic changes in hyperparathyroidism 
are quite unlike those of osteomalacia. Early in this report the 
chemical studies of Mandl (56), Gold (37), Hannon et al (44), Wilder 
(79), Boyd et al. (13) and Hunter (49) were briefly reviewed. They 
showed abnormalities which parallelled the changes recorded here, the 
most characteristic features being the hypercalcemia and hypercalci- 
nuria. Similar changes were found by certain earlier investigators 
who, however, did not determine serum calcium or examine the para- 
thyroids. Again there is difficulty in the confused nomenclature of 
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these conditions to decide which of their cases should be included as 
hyperparathyroidism. The clinical features of some were so similar 
that there seems little doubt that they should be included in the 
group under discussion. One notes especially the case reported by 
McCrudden and Fales (55) as non-puerperal osteomalacia. This 
patient had multiple bone tumors, decalcification of the bones, diffi- 
culty in walking, gastrointestinal symptoms and kidney stones; a 
picture similar to Case 1 in tliis present report. Jacoby and Schrott 
(51) studied a typical case of osteitis fibrosa with the same character- 
istic changes in calcium metabolism. The case reported by Freund 
and Lockwood ^34) as osteomalacia had less marked clinical character- 
istics but excessive urinary calcium excretion. 

There are other studies sho\ving alterations of the same character 
in multiple myeloma. H3^ercalcemia in multiple myeloma has been 
reported by Charlton (20), Durman (31), Smith (72) and Soper and 
Stroud (74). Seegelken’s (67) investigation of a case of multiple 
myeloma showed values for the calcium metabolism which were 
normal. Blatherwick (10) reports a case with a negative calcium 
balance and an increased output of calcium in the urine, Williams 
(80) and Currie (26) both record cases showing excessive urinary 
calcium excretion. The question arises whether these manifestations 
are the result of hyperparathyroidism or simply an incident to a disease 
causing in itself a rapid destruction of bone. From our knowledge of 
serum calcium regulation it seems unlikely that anything can cause 
sucli a constant high level of serum calcium except an increased ac- 
tivity of the parathyroid gland. It is difficult to cause mote than 
slight changes in the serum calcium by giving large quantities of 
calcium by mouth. After intravenous administration the serum cal- 
cium promptly returns to normal. With the evidence at hand, it 
seems more logical to assume that hypercalcemia and hypercalcinuria 
arising in multiple myeloma indicates that hyperparathyroidism has 
developed as a complication. 

Suggesting this possibility that hyperparathyroidism may arise in 
generalized bone disease, it is well to point out that a diversity of 
experiments have shown the parathyroid to possess a remarkable 
power to develop hyperplasia. Significant appears the case reported 
by Klemperer (52) with metastatic bone carcinoma and a parathyroid 
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tumor, as well as the numerous cases of chronic nephritis with hyper- 
plasia or tumor of the parathyroid gland. 

While obvious treatment of hyperparathyroidism is the surgical 
removal of excessive parathyroid tissue, the therapeutic application 
of orthophosphate administration was suggested in a former section 
of this report. Caution should be employed in applying this pro- 
cedure. One must be aware of the fact that phosphate may increase 
the intestinal excretion of calcium and thus exaggerate the negative 
calcium balance. There also appears the theoretical possibility of 
increasing the metastatic calcification. Orthophosphate administra- 
tion may at least be reserved for treating alarming conditions which 
may arise with extreme hypercalcemia. 

SUMMARY 

A study of three cases of hyperparathyroidism, two with osteitis 
fibrosa cystica and the other with multiple myeloma, has presented 
certain abnormalities of calcium and phosphorus metabolism. Most 
characteristic of these were a high serum calcium, possibly accounting 
for many of the clinical features, and an excessive excretion of calcium 
by the kidneys, apparently explaining the urinary tract complications. 
The increase of calcium in the urine was sufficient to cause a negative 
calcium balance, although two patients showed, in addition, an exces- 
sive output in the stools. Low serum phosphorus was repeatedly 
found except in one patient with marked kidney insufficiency. Altered 
phosphorus metabolism was encountered but no specific abnormality 
presented. There was no indication that the total nitrogen metabo- 
lism or creatinine metabolism is abnormal in hyperparathyroidism. 
Although there were marked changes in calcium and phosphorus other 
serum electrolytes were normal. 

By the administration of orthophosphate it was possible to cause 
an increase in the serum phosphate, a decrease in serum calcium, a 
reduction of the calcium in the urine to normal and establish a positive 
calcium balance. It appears, however, that a continuation of this 
procedure resulted in an excessive output of calcium in the stools. 

Following parathyroidectomy in two patients the disturbances of 
calcium and phosphorus metabolism were reversed. The calcium 
almost disappeared from the urine and large amounts of calcium and 
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phosphorus were retained in the proportion in which they occur in the 
bone. One patient reverted to tetany which was almost fatal. It 
was controlled mth difficulty by the administration of large amounts 
of parathormone and calcium. 

The metabolism of hyperparathyroidism differs almost completely 
from that of osteomalacia. In the literature, however, great confusion 
exists in nomenclature. Cases have been called osteomalacia which 
probably were examples of hyperparathyroidism. This state is per- 
haps most often seen Avith von Recklinghausen*s disease of bones, but 
accompanies hyperplasia of the parathyroid from a variety of causes 
which include multiple myeloma, extensive carcinoma of bone and 
possibly other destructive bone processes. 

These studies indicate that improvement in the clinical state of 
hyperparathyroidism may be accomplished by the administration of 
orthophosphate. The possible dangers of such a procedure have been 
made evident. It would appear that the only effective method of 
treatment is the removal of parathyroid tissue. 
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STUDIES IN CONGESTIVE HEART FAILURE 


V. The PoTASsiuii Content of Skeletal Muscle Obtained by 
Biopsy 
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(Received for publication May 7, 1930) 

As a result of their studies of the respiratory exchange of decom- 
pensateu cardiac patients during and after exercise, Eppinge^ Kisch 
and Schwarz (1927) concluded that the buffering power of th(?Iissues 
was diminished. Laszlo (1928) found diminished phosphate content 
of the cardiac and skeletal muscle of such individuals. Harrison and 
Pilcher determined oxygen utilization during various degrees of edema 
(1930a) and oxygen debt in patients with congestive heart failure 
(1930b). In both studies the findings were believed to be indicative 
of diminished alkaline reserve in the muscles. Observations by Pil- 
cher, Clarke and Harrison (1930) of the hydrogen ion concentration 
of the blood of patients wth congestive heart failure after exercise 
lead to the same conclusion. In order to obtain more direct data on 
this point it was thought advisable to investigate the chemical changes 
in the tissues themselves. As potassium is the most abundant basic 
element in muscle tissue it seemed wise to study it first. Harrison, 
Pilcher and Ewing (1930) analyzed samples of cardiac and skeletal 
muscle obtained from patients who had died of congestive heart failure 
and found them to be abnormally poor in potassium. It seemed con- 
ceivable that such a phenomenon might be related to changes after 
death and consequently, before proceeding further with our studies 
on postmortem tissues, it was deemed wise to analyze tissues obtained 
during life. Such a procedure had the additional advantage of allowing 
us to make more than one observation on the same patient and hence 
to follow changes in potassium content under various conditions. 
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METHODS 

Patients with various types of cardiac disease were chosen. All 
of them had or had had edema. Specimens of gastrocnemius muscle 
weighing one to two grams were removed under novocaine anesthesia 
with aseptic technique. Care was taken to infiltrate the anesthetic 
around, rather than in, the portion of muscle to be removed. The 
fresh muscle was weighed, dried to constant weight in an oven at one 
hundred to one hundred ten degrees Centigrade and then analyzed 
according to the technique used by Harrison, Pilcher and Ewing. 
Results obtained by this procedure have been found to be in fair agree- 
ment with those arrived at by a slower and somewhat more accurate 
method which will be published later. 

Three patients were studied before and after the loss of edema. 
Single observations were made on one cardiac patient and on one in- 
dividual with edema of renal origin. Investigations were carried out 
on five patients before and at intervals after the administration of 
potassium dibasic phosphate. This salt was given because Laszlo had 
found diminished phosphate and our analyses showed decreased po- 
tassium. 

Edema was classified by the degree and extent of “pitting.” An 
attempt was made to determine the length of time edema of the calves 
of the leg had been present but our figures in this regard represent only 
rough approximations. 


RESULTS 

Normal skeletal muscle contains about 25 to 28 per cent solids. The 
potassium content of dried muscle is approximately 1.2 to 1.5 per cent, 
and that of “wet” muscle is usually in the range of 0.26 to 0.38 per 
cent (Lematte, Boinot, and Kahane (1928); Norn (1929); Harrison, 
Pilcher and Ewing (1930)). 

As can be seen from table 1, the percentage of solids was diminished 
in all of the subjects. The potassium content of the “wet” muscle 
was also invariably low. Dilution due to edema was one factor in 
this decrease. In some cases such as E. B. and H. C. a dilution with 
serum containing 8 per cent protein could explain the values found. 
In M. H. and T. R. the amounts of protein which would have had .to 
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be present is impossibly high. Since, however, the edema fluid of 
cardac failure contains a negligible amount of protein (Hass), it seems 
improbable that such dilution can account for the low values obtained. 
In subjects T. R. and M. H. loss of edema was followed by a rise in 
the potassium content of the dry muscle. E. G. and H. C. had, when 
edematous, normal amounts of potassium in their dry muscle. In this 
regard it may be of some significance that their edema was of rela- 
tively short duration, whereas, the other subjects who exhibited a 

TABLE 1 


The potassUm contetit of the gastrocnemius muscle of patients with congesti-oe heart failure 


Subject 

1 

Etiological diagnosis 

Date 

1 

Solids 

Potas. 

slum 

In dry 
muscle 

Potas- 
sium 
in wet 
muscle 

Degree 

of 

edema 

Duration of 
edema 

E. B. 

Hypertension, 

auricular 

ribriUation 

19Z9 

August 29 

Per unt 
’ 16.0 

per uni 

0.S6 

per cent 

0.138 

+ 1 

3 months 

T. R. 

Syphilis, aortic m- 
sufBciency, hy- 
pertension 

August 26 
October 24 

20.2 

21.0 

1.03 

1.18 

0.207 

0.251 

+ 

db 

2 months 

M.H. 

Arteriosclerosis, 

hypertension 

September 21 
October 2 

13.8 

18.3 

0.88 

1.60 

0.121 

0.295 

+++ 

0 

5 months 

E. G. 

Syphilis, aortic in- 
sufficiency 

October 10 
October 22 

14,4 

27.1 

1.39 

1.11 

0.200 

0.300 

+++ 

0 

2 weeks 

H.C. 

Nephrosis, no car- 
diac disease 

July 31 1 

I 

16.3 ! 

1.21 

1 

0.201 


3 weeks 


diminished potassium content of the dried muscle had had edema for 
longer periods. E. G. had a higher potassium content of the dry 
muscle when edematous than when free of edema twelve days later. 

These findings demonstrate that muscles as well as subcutaneous 
tissues become edematous in patients wth congestive heart failure. 
They also suggest that the first effect of edema is that of simple dilution 
and that a later effect is actual loss of potassium from the muscle. 

In table 2 are presented analyses on five patients before and after 
receiving potassium dibasic phosphate. In all of them the potassium 
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be present is impossibly high. Since, however, the edema fluid of 
cardiac failure contains a negligible amount of protein (Hass), it seems 
improbable that such dilution can account for the low values obtained. 
In subjects T. R. and M. H. loss of edema was Mowed by a rise in 
the potassium content of the dry muscle. E. G. and H. C, had, when 
edematous, normal amounts of potassium in their dry muscle. In this 
regard it may be of some significance that their edema was of rela- 
tively short duration, whereas, the other subjects who exhibited a 


TABLE I 


The potassium contend of the gastrocnemius muscle of paiienis with congestive heart failure 


Subject 

Etiological diagnosis 

Date 

Solids 

Potas- 
sium 
in diy 
muscle 

Potas- 
sium 
in wet 
muscle 

Degree 

o{ 

edema 

Duration of 
edema 



1929 

P<r (tnl 

percent 

per cent 



E. B. 

Hypertension, 

August 29 

16.0 

0.86 

0.138 

+ 

3 months 


auricular 

fibrillation 







T.R. 

Syphilis, aortic in- 

August 26 

20.2 

1.03 

0,207 


2 months 


sufficiency, hy- 
pertension 

October 24 

21.0 

1.18 

0.251 



M.H. 

Arteriosclerosis, 

September 21 

13.8 

0.88 

0.121 


5 months 


hypertension 

October 2 

18.3 

1.60 

0.295 

0 


E. G. 

Syphilis, aortic in- 

October 10 

14.4 

1.39 

0,200 

+++ 

2 weeks 


sufficiency 

October 22 

27.1 

1.11 

0.300 

0 


H. C. 

Nephrosis, no car- 

July 31 

16.3 

1.21 

0.201 

++ 

3 weeks 


diac disease 






diminished potassium content of the dried muscle had had edema for 
longer periods. E. G. had a higher potassium content of the dry 
muscle when edematous than when free of edema twelve days later 
^ These findings demonstrate that muscles as well as subcutaneous 
toues become ed^atous in patients with congestive heart failure 

They dso suggest tha^e first effectofedemais that of 

^ _ e are presented analyses on five patients before and after 
receiving potassium dibasic phosphate. In Si of them tie “ta^L 
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TABLE 2 

The potassium content of gastrocnemius muscle of patients with congestive heart failure before 
and after the administration of potassium dibasic phosphate 


Subject 

Etiological diagnosis 

Date 

Solids 

Potassium in 
dry muscle 

Potassium in 
wet muscle 

Degree of 
edema 

Remarks 



1929 

per 

cent 

per 

cent 

per 

cent 



T. P. 

Syphilis, aortic 
insufficiency. 

June 4 

19.4 

0.69 

'0.135 

+ 

Before receiving 
K 2 HPO 4 

1 

1 

1 

1 

angina pectoris 

July 3 

18,2 

0.92 

0.167 

0 

After receiving 
K 2 HPO 4 6 
grams daily 
for four weeks 

G/H. 

Hypertension 

! 

July 10 

July 28 

i 

1 

! 

20.2 

19.5 

1.06 

1.48 

i 

1 

0.213 

0.288 

rh 

zh 

Before receiving 
K 2 HPO 4 

After receiving 
K 2 HPO 4 14 
grams daily 
for two weeks 

F. J. 

Asthma, chronic 

I bronchitis 

i 

1 

1 

June 18 

July 31 

October 14 

1 

1 

1 

i 

1 

19.8 

18.0 

21.6 

1 

1 

0.96 

1 

1.28 

1.20 

0.190 

! 

0.231 

0.260 

1 

1 

+ 

+ 

1 

Before receiving 
K 2 HPO 4 

After receiving 

6 grams daily 
for 5 weeks 
After receiving 
E:2HP04 6 
grams daily 
for fifteen 
weeks 

J. A. 

Hypertension, 

arterioscler- 

August 23 

16.6 

0.85 

0.142 

+++ 

Before receiving 
K 2 HPO 4 


osis, auricular 
fibrillation 

September 23 

21.5 

1.11 

0.240 

0 

After receiving 
K:2HP04 6 
grams daily 
for four weeks 

H. M. 

Rheumatic heart 
disease, mitral 

October 24 

23:8 

1.16' 

0.274 

0 

Before receiving 
K 2 HPO 4 


stenosis, aortic 
insufficiency 

December 6 

19.9 

1.731 

0.345 

=1: 

After receiving 
K 2 HPO 4 6 
grams daily 
for six weeks 
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content of the wet and dry muscle was greater after the salt had been 
administered. One of the subjects (J. A.) had marked edema at the 
time the first piece of muscle was taken and no edema when the second 
specimen was removed. T. P. had slight pitting at the time of the 
control analysis and no edema later. In their cases the rise in the 
potassium content might conceivably have been due to loss of edema. 
However, such an explanation does not hold in the other three cases 
for they had no less edema at the time of the second analysis. 

In only one of the five cases (J. A.) was the water content of the 
muscles much greater before potassium was given than after it had 
been administered. Consequently, loss of edema could not have been 
the cause of the rise in potassium content observed. Although it is 
conceivable that the changes observed might have occurred spontane- 
ously, it seems more likely that they were related to the administration 
of the salt. 

Another point of interest can be observed in both tables 1 and 2. 
Even though there was no clinical sign of edema, i.e., no pitting, sub- 
jects who had once had edema usually continued to have abnormally 
low total solid content in their gastrocnemii. Four of the five subjects 
studied had distinctly low muscle solids when entirely free of pitting. 

SUMMARY AND CONCLUSIONS 

1. The water content of pieces of gastrocnemius muscle removed 
by biopsy from patients with cardiac edema was invariably increased. 
The percentage of solids was correspondingly decreased. These 
changes usually persisted after clinical signs of edema had disappeared. 

2. The potassium content of the wet muscle from edematous pa- 
tients was invariably abnormally low. The amount of potassium in 
the dry muscle was usually but not always diminished. As edema 
decreased the potassium content of the wet muscle rose in three sub- 
jects; that of the dry muscle increased in two of them. 

3. The administration of potassium dibasic phosphate was followed 
by a rise in the potassium content of the muscle. 

4. The findings reported in the previous paper of this series, were 
not due to postmortem changes. 
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THE ACTION OF HISTAMINE ON THE PANCREAS 
Bv A. V. NEALEi and T. G. KLUMPP 
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(Received for publicatioa May 5, 1930) 

Claude Bernard (1856) and Heidenheim (1883) in their general 
physiological studies, initiated the earliest ideas of pancreatic function, 
but it remained for the classical experimental work of Pawlow (1901) 
and Bayliss and Starling (1902) to demonstrate the fundamental 
concepts of the physiology of the pancreas as a gland of external secre- 
tion. Pawlow observed that a flow of pancreatic juice occurred after 
the entry of the chyme into the duodenum. He suggested that this 
effect was due entirely to reflex vagal activity and supported this idea 
by obtaining a secretion on directly stimulating the vagi. That this 
was not the whole truth was shown by the experimental studies of 
Bayliss and Starling (1) in which it was indicated that pancreatic 
secretion could also be initiated by the contact of the duodenal mucosa 
with a weak acid solution, or by the injection of an extract of the 
mucosa itself; this whole phenomenon being due to the elaboration 
and circulation of a chemical stimulant of hormonic qualities. After 
extensive experiments these workers established the specificity of this 
hormonic stimulation, and noted the absence of any action on the 
salivary and gastric glands. This humoral theory was amply sup- 
ported by Farrell and Ivy (2) who obtained active and copious secre- 
tions in a denervated transplanted portion of the pancreas after the 
ingestion of a meal. This transplant also yielded a small continuous 
resting secretion containing the digestive enzymes. 

That the two methods of pancreatic stimulation induce secretions 
differing in composition is now well known, — “vagal” juice being smaU 
in volume but rich in protein and enzymes,— while “secretin” juice is 
copious in quantity, poor in proteins and enzymes but definitely alka- 
line due to the carbonate content. Atropine paralyzes the vagal 

* Rockefeller Fellow in Pediatrics. , 
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stimulation but does not affect the secretin response. Pilocarpine on 
the other hand causes an elevation in the enzymes secreted. Babkin 
(3) had shown that the zymogen granules in the pancreatic acinar 
cells greatly diminish after vagal stimulation. Under normal condi- 
tions, therefore, there appears to be a dual and yet coordinated activity 
of the two types of pancreatic stimuli. In the presence of achlor- 
hydria, the action of secretin is probably negligible and vagal juice 
plays a dominant r61e in pancreatic digestion. The production of a 
copious flow of dilute bicarbonate solution may not be essential to 
normal digestion, although its main function would appear to ensure, 
in the presence of an acid chyme, an optimal reaction in the chyle for 
the maximal activity of the pancreatic digestive enzymes. A number 
of our investigations suggest that the achylia of pernicious anemia in 
no way impedes the secretion, or the activity of the pancreatic fer- 
ments. It is likely that this secretion is due to vagal stimulation and 
that the hormonic activity in complete achylia is slight or absent since 
the secretion is practically abolished by atropine. It is noteworthy 
that the flow of dilute bicarbonate solution which is probably the 
response to hormonic activity, is not present in achylia where alka- 
linization of the gastric contents is unnecessary. It is interesting that 
enzyme production and hydrogen ion concentration, the regulation of 
which is so important for intestinal digestion, should be separately 
initiated. 


. : , HISTAMINE 

Histamine, when injected subcutaneously, stimulates the secretion 
of gastric juice. Cushny (4) remarks that this substance also stimu- 
lates pancreatic secretion, although a careful search through the 
literature has failed to produce any experimental data to corroborate 
this statement. It was this note in Cushny’s book which gave the 
writers a desire to investigate the action of histamine on the pancreas. 
It was thought possible that a method of studying pancreatic function 
mig^it be established if it could be definitely demonstrated that hista- 
mine stimulates the pancreas as it does the gastric glands. With this 
object an experimental method was devised to determine whether 
histamine, on subcutaneous injection, would increase the volume of 
pancreatic secretion or the concentration of enzyme therein. 
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All the experiments have been carried out in normal healthy children 
ranging in age from six weeks to twelve years. Children were used 
for the experimental work because it was also desired to obtain col- 
lateral data on the enzyme and volumetric secretion at various ages 
during childhood. Again, for many reasons, the most important 
being the considerable length of the experiments in some instances, 
children were found to be more suitable than adults. A few observa- 
tions on adults have been made. 

METHOD ‘ ' 

A quiet and cooperative patient was essential; the child lying down 
in bed inclined toward the right side. An interval of about six hours 
was allowed after the last meal; an early breakfast was given, and the 
experiment commenced in the forenoon. A special small torpedo 
shaped aspirating tip, capable of passing through the nose of tie 
smallest infant, and yet heavy enough to be influenced in the stomach 
by gravity, was devised. This will be described in a clinical note. 
The tip, at the end of a fairly stiff rubber tubing, was introduced into 
the duodenum, and its position verified by fluoroscopic examination. 
It was left in place throughout the experiment; so long as the child 
remained fairly quiet no displacement occurred. Constant drainage 
of the duodenal contents was maintained, and the amount of secretion 
measured every ten or fifteen minutes. . Obviously, uninterrupted 
supervision of the child was required throughout the experiment to 
aspirate and collect the fluid, and to eliminate all extrinsic inhibitoiy 
or disturbing factors. 

The passage of gastric juice into the duodenum could be readily 
detected by the change in appearance of the aspirate. All fractional 
samples of fluid obtained were verified by determination of the pH — 
colorimetrically after dialysis, according to the method described by 
Marriott and Davidson (7). 

In order to determine the gastric secretory response to the same dose 
of histamine, a separate e.xperiment was carried out on the day follow- 
ing the pancreatic experiment. One of us (A. V. N.) has already 
reported upon the dosage of histamine (^^Imido-Roche”), for children 
of different age groups, which causes a maximal flow of add gastric 
juice (6), 
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The concentration of enz3Tnes in the duodenal fluid was determined 
by the methods of McClure, Wetmore and Reynolds (5). 

RESULTS 

After preliminary experiments, a standard procedure was developed. 
Some thirty subjects were investigated with very satisfactory and 
uniform results. Only a few of these experiments are shown in the 
charts but they are typical examples of the findings in all. 

On charts A and B the gastric and duodenal response to an injection 
of histamine in two typical cases are presented. They show that 
within a few minutes (15 to 45 minutes) after the injection, the gastric 
secretion is stimulated whereas the duodenal flow is simultaneously 
diminished. The gastric and duodenal secretions are apparently in- 
versely affected. As the histamine effect disappears the gastric secre- 
tion falls and the duodenal secretion tends to return to its previous 
resting level. The enz)rme content in the pancreatic secretion also 
shows a corresponding lack of stimulation or even a fall. These find- 
ings were t)pical of those obtained in all the experiments. 

Charts C, D and E depict the same findings as charts A and B ; but in 
addition there is shown the stimulation of the pancreas after the hista- 
mine action has ceased, by the entrance of gastric secretion into the 
duodenum. The upper line on the graphs shows the pH of the fluid 
collected at the corresponding times in the duodenum. In all in- 
stances, the reaction obtained confirmed our intepretation as to the 
nature of the fluid collected. It will be noticed that there is a slight 
alkaline “tide” in the duodenum coincident with the phase of hista- 
mine activity during which there is a large outpouring of acid gastric 
secretion into the stomach. 

It is interesting to note that following the entrance of the acid gastric 
contents into the duodenum, the pancreatic flow which follows is pro- 
fuse, watery, and alkaline, (“secretin juice”). In chart C this is 
shown very well, the secretion reaching a rate of 240 cubic centimeters 
per hour. .In one case it rose to 300 cubic centimeters per hour. 
After cessation of the acid stimulation, the rate of secretion again falls 
to the resting level of the individual concerned. 

Table 1 shows the rate of secretion into the duodenum and its reac- 
tion during the pre- and post-histamine phases. In each case the rate 
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Chart B. Gastric and Duodenal Response to Histamine. E. S. 9 Years, 

11 Months 
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Chart D. 
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Chart E. Gastric and Duodenal Response to Histauine. A. S. 11 Years 
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2. Histamine caused no increase of either the volume of pancreatic 
secretion or of its enzyme activity. 

3. An increase in the alkalinity of the duodenal contents (alkaline 
tide) accompanied the secretion of acid into the stomach in response to 
histamine. 
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A COMPARISON OF THE UREA NITROGEN CONTENT OF 
CUTANEOUS AND VENOUS BLOOD BY MICRO 
GASOMETRIC ANALYSIS 

CHRISTOPHER JOHNSTON 

{From tJ(€ Bos pilot of the Rockefeller hislilule for Medical Resecirch, Nrof York) 
(Received for publication April 8, 1930) 

Svensgaard (1) using the micro urea method of Rehberg (2) com- 
pared the urea concentrations in blood from the arm vein with that 
of cutaneous blood from the lobe of the ear. In 29 of 32 analyses of 
the blood of normal fasting subjects she found the urea of the capillary 
blood higher than that of the venous blood. The average difference 
was 10 per cent of the venous urea content, but individual differences 
were as high as 24 per cent. Such results, if confirmed, would indicate 
that the use of cutaneous blood from the ear for analysis could intro- 
duce errors up to 24 per cent in tests of renal function, such as the 
blood urea clearance used in this clinic (3, 4, 5), which depend upon 
blood urea determinations. 

It was therefore thought advisable to make a series of determinations 
of the urea content of samples of cutaneous and venous blood taken 
simultaneously and both analyzed by the Van Slyke micro gasometric 
method (6) in order to ascertain whether the variations found by 
Svensgaard could be confirmed. A report of the analyses is given in 
this paper, 

METHODS 

Into each of two small tubes (10 mm. inner diameter and 50 mm. in length) a 
little powdered heparin was introduced. The tubes were then rotated horizontally 
until the heparin was evenly distributed, and were then inverted so that only tlie 
finely powdered heparin which clung to the walls of the tube remained. After 
preliminary rubbing to produce hyperemia, the lobe of the ear was punctured 
deeply enough to insure a free flow with only slight pressure, and sufficient blood 
was collected in one tube. From time to time during the collection the puncture 
wound was wiped clean so that only fresh blood would be obtainccL Vena 
puncture was done immediately afterward, either with or without stasis. The 
samples were taken immediately to the laboratory and 0.2 cc. portions measured 
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TABLE I 


Comparison of the urea 7iitrogen conte^it of cutaneous and ve^ious blood 



1 Venous blood urea 

Cutaneous blood 

u 

tj 

u 



nitrogen 


urea nitrogen 

5i s 

O, tfl 

d 












Subject 

Individual 

analyses 

Mean 

Maximum 

deviation 

Individual 

analyses 

Mean 

Maximum 

deviation 

Absolute di£ 
venous m 
cutaneous 

Difference 
cent of VC 

Remarks 




per 

cent 





■ 


f 




9.5 






W. N. 

9.5 

9.4 

2.1 

9.6 

9.6 

1.0 

-0.2 

2.1 

Normal 

1 

* 



9,7 






A. H. 1 

9.6 

9.8 

2.0 

10.1 

10.0 

2.0 

-0,2 

2.0 

Normal 

i 

10.0 


9.8 




[ 

10.2 



10.0 






R. H. { 

10.0 

10.1 

1.0 

10.1 

10.1 

1.0 

-0 

0 

Normal 

\ 

* 



10.2 






[ 

11.5 



11.3 






W. K. ' i 

10.5 

10.9 

6.0 

12.0 

11.7 

3.4 

-0.8 

7.3 

Normal 

1 

10.7 



11.9 






[ 

13.8 



14.1 






M. L. { 

13.8 

13.8 

0 

13.6 

13.9 

2.2 

-0.1 

0.7 

Normal 

1 




14.1 






f 




15.0 






A. S. A. \ 

15.1 

14.9 

i 1-2 

14.7 

14.8 

1.4 

+0.1 

0.7 

Normal 

\ 

14.9 



14.6 






i 

17.1 



16.8 






A. S. A. 

17.4 

17.4 

1.7 

17.6 

17.2 

2.3 

+0.2 

1.2 

Normal 

1 

17.7 









f 










A. C. f 

9.4 

9.5 

1.1 

9.7 

9.6 

3.1 

-0.1 

1.1 

Nephritic, during 

1 

9.6 



9.7 





diuresis 

f 

40.8 



40.4 






I 

41.3 

41.0 

0.8 

39.8 

39.7 

2.0 

+1.3 

3.2 

Nephritic, urea therapy 

40.8 



38.9 







Average of all venous bloods 42.4 mgm. per cent. Average of all cutaneous bloods 


42.4 mgm. per cent. 

* Discarded because of gross error. 














CHRISTOPHER JOHNSTON 


211 


table i— Concluded 



Venous blood urea 
nitrogen 

Cutaneous blood 
urea nitrogen 

S3 

^1. 

5 

S a 


Subject 

II 


a 

IS 



Absolute di 
venous n 
cutaneou. 

8*0 

Remarks 


¥ 

2 

M 

p 

i 

a 

o 

o n 

*38 

P 



mgm. 

.io'ce. 

mgm. 

tio'u. 

per 

cent 

ngm. 

ito'c. 


per 

cent 

mgm, 

percent 




63.6 



64.0 






J.E. 


63.9 

0.6 

63.7 

63.8 

0.3 

+0.1 

0.2 

Nephritic, urea therapy 


63.7 



63.8 







101.1 



103.9 






M. G. 

\mm 

101.8 

0.7 

103.6 

103.8 

0.2 

"2.0 

2.0 

Nephritic. Uremia 


102.2 



* 







117.9 



116.6 






D. McK. 

118.7 

118.3 

0.3 

117.3 

117,2 

0,5 

+1,1 

0,9 

Nephritic. Uremia 


* 



117.8 







129.9 



130,1 




1 


J. 0»M. 

129.9 

130.1 

0.4 

131.0 

130.1 

0.7 

0 

0 1 

Nephritic, Uremia 


130.6 



129.2 







into tubes containing 1 cc. of 0,02 N lactic acid as described by Van Slyke. As 
analyses were made in triplicate, three accurately calibrated pipettes were used. 
After taking the three samples of blood from one source they were washed and 
thoroughly dried before using again. After addition to lactic acid, the samples 
stood at room temperature. As each analysis takes 15 minutes, and as at least 
two blank determinations were made with each experiment, the last sample stood 
approximately 2 hours before analysis, but it seemed to make no difference. 

The method of collecting blood from the ear into a tube rather than by drawing 
directly into a pipette was chosen because it is easier, and measurement of the 0.2 
cc. samples can be made more comfortably and hence with greater accuracy in the 
laboratory. There is no trouble from clotting. 

Bleedings were done between one and two hours after lunch, except in three 
experiments, which were done about the same length of time after breakfast. No 
attempt was made to control diet. 


RESULTS 

Inspection of table 1 shows that the gasoraetric method, using 0.2 
cc. of whole blood, gives results of sufBcient accuracy to demonstrate 
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any essential difierence in the concentration of urea nitrogen between 
cutaneous and venous blood. Occasionally, through faulty technic, 
one gets a reading that is obviously incorrect and has to be discarded. 
This happened but four times in this series of 72 analyses. In the case 
of subject W. K., it is likely that one of the stopcocks was leaking 
slightly, which led to the introduction of an error much larger than 
usual. For this reason the experiment should probably be discarded 
but it is included here for the sake of completeness. No experiments 
have been omitted from the table. 

Excluding the observation in question, five of the remaining twelve 
sets of analyses showed a higher concentration in cutaneous blood 
(average 1.6 per cent), five showed higher concentration in venous 
blood (average 1.2 per cent), and two showed no difference. The 
average concentration in the twelve samples of both venous and cu- 
taneous blood is 45.0 mgm. per cent prea nitrogen. The maxitnum 
difference in any one experiment was only 3.2 per cent. 

DISCUSSION 

Marshall and Davis (7) in a study of the distribution of urea in the 
body concluded that “the urea content of aU organs and tissues is 
approximately uniform, and approximately equal to that of blood, 
both in normal conditions, and when there is an abnormally large 
amount of urea present.” Furthermore “when urea in solution is 
injected intravenously, it diffuses to all parts of the body almost 
instantly, the diffusion being complete in a few minutes.” Gad- 
Andresen (8) came to essentially the same conclusions with regard to 
equilibrium between tissues and blood, and in addition found that 
the distribution coefficient between body secretions and blood plasma 
was unity, with the exception of sweat and tears, in which the con- 
centration of urea was higher than in the plasma. He found, however, 
that plasma contained more urea than the erythrocytes, the distribu- 
tion coefficient being between 0.72 and 0.82. Both Marshall and 
Davis and Gad-Andresen found that fat is an exception to the general 
rule in that it is relatively poor in urea. The experiments of BoUman, 
Mann, and Magath (9) seem definitely to have established that urea 
formation is a function of the liver only. If equilibriiun exists between 
blood and tissues, one would expect to find no difference in the con- 
centration of urea between venous and cutaneous blood. 
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So far, no explanations have been found to account for the apparent 
differences noted by Svensgaard. The fact that the mean error of 
her tests was dbl mgm. urea (0.47 mgm. urea N) might have contrib- 
uted some, but the average difference noted was much greater than 
this. Returning again to her observations on normal subjects, the 
concentration of urea in capillary blood varied between 4 and 22 per 
cent higher than in venous blood. After administration of urea, or of 
protein the differences were from I to 7 per cent. In seven cases of 
icterus the variation was from 2 to 23 per cent, in five cases of nephritis 
from 1 to 13 per cent, and in 8 of 9 diabetics from 2.2 to 24 per cent. 

SUMMARY AND CONCLUSIONS 

1. The concentration of urea nitrogen in the blood from ear punc- 
ture has been compared 'ivith that from the vein in 13 experiments on 
6 normal and 6 nephritic subjects, without regard to food intake. 

2. No difference between venous and cutaneous blood exceeding the 
limit of experimental error was found to exist. 
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any essential difference in the concentration of urea nitrogen between 
cutaneous and venous blood. Occasionally, through faulty technic, 
one gets a reading that is obviously incorrect and has to be discarded. 
This happened but four times in this series of 72 analyses. In the case 
of subject W. K., it is likely that one of the stopcocks was leaking 
slightly, which led to the introduction of an error much larger tbpn 
usual. For this reason the experiment shoiald probably be discarded 
but it is included here for the sake of completeness. No experiments 
have been omitted from the table. 

Excluding the observation in question, five of the remaining twelve 
sets of analyses showed a higher concentration in cutaneous blood 
(average 1.6 per cent), five showed higher concentration in venous 
blood (average 1.2 per cent), and two showed no difference. The 
average concentration in the twelve samples of both venous and cu- 
taneous blood is 45.0 mgm. per cent urea nitrogen. The maximum 
difference in any one experiment was only 3.2 per cent. 

DISCUSSION 

Marshall and Davis (7) in a study of the distribution of urea in the 
body concluded that "the urea content of all organs and tissues is 
approximately uniform, and approximately equal to that of blood, 
both in normal conditions, and when there is an abnormally large 
amount of urea present.” Furthermore “when urea in solution is 
injected intravenously, it diffuses to aU parts of the body almost 
instantly, the diffusion being complete in a few minutes.” Gad- 
Andresen (8) came to essentially the same conclusions with regard to 
equilibrimn between tissues and blood, and in addition found that 
the distribution coefficient between body secretions and blood plasma 
was unity, with the exception of sweat and tears, in which the con- 
centration of urea was higher than in the plasma. He found, however, 
that plasma contained more urea than the erythrocytes, the distribu- 
tion coefficient being between 0.72 and 0.82. Both Marshall and 
Davis and Gad-Andresen found that fat is an exception to the general 
rule in that it is relatively poor in urea. The experiments of B oilman, 
Mann, and Magath (9) seem definitely to have established that urea 
formation is a function of the liver only. If equilibrium exists between 
blood and tissues, one would expect to find no difference in the con- 
centration of urea between venous and cutaneous blood. 



FURTHER OBSERVATIONS ON EXPERIMENTAL AORTIC 
INSUFFICIENCY 


n. Cinematographic Studies of Changes in Ventricular Size 
AND IN Left Ventricular Discharge 

By carl J. \VIGGERS, HAROLD THEISEN and HARLEY A. WILLIAMS 
{From ihe Department of Physiology ^ Western Reserve University Uedical School, Clevela?;d) 
(Received for publicaUon April 30, 1930) 

INTRODUCTION 

In 1923, Wiggers (1) ventured the declaration that existing experi- 
mental evidence contradicted the view so prevalent among clinicians, 
viz., that a large proportion of the blood ejected during systole flows 
back through a leaking aortic valve during diastole. Since that time 
the question has been re^investigated by other methods both in animals 
and in man. In a more recent review (2) this work also was critically 
considered and reasons were given for believing that crucial proof has 
still not been adduced in favor of the view that the regurgitating vol- 
ume in aortic insufficiency is very considerable. The radiographic 
and fluoroscopic researches on heart size in the dog after production of 
experimental lesions were among the work reviewed. Bazett and 
Sands made several reports (3, 4 and 5) of their investigations on sur- 
viving animals. They found that rupture of an aortic cusp caused an 
immediate reduction in the area of the x-ray shadow; but they attrib- 
uted this to a coincident cardiac acceleration. Obviously, no conclu- 
sions as to the magnitude of reflux could be drawn from such observa- 
tions. They found, however, that the heart size gradually returned to 
normal with the lapse of time, while the cardiac acceleration persisted. 
This, together with the postmortem findings that the left ventricles 
had hypertrophied and their cavities had increased in size, inclined 
these investigators to the belief that considerable regurgitation must 
have occurred. To us the validity of such deductions appears some- 
what questionable. But granting this, the obvious corollary would 
also appear to follow, viz., that the increase in diastolic size due to 
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3. The size of the ventricular outline can be registered at successive 
short intervals during systole and diastole rather than during maxi- 
mum diastolic relaxation only, as in ordinary x-ray exposures. 

METHODS 

The heart of a dog, anesthetized with sodium barbital, was exposed 
and supported in a cradle of pericardium made by stitching its cut 



Fig. 1. ScuEiUTic Diagr^vm Illustrating Suspension of Heart, Registration 
OF Anteroposterior Dlvmeters and CiNEiL\TOPUOTOGR,\PUY 
.*1, 5, C, D and A*. B, C, two methods of heart suspension by pericardium; 
iJ, V and L, K, right and left ventricles respectively; a:-y, plane of frontal projec- 
tion; L, camera lens; image on film; H, needle recording changes in antero- 
posterior diameter of left ventricle. Further discussion in text. 

edges to the chest wall. Artificial respiration was kept low and regu- 
lar, so as to prevent the plane of the heart from moving forward more 
than 3 mm. during inflation . This was actually controlled by register- 
ing the anteroposterior movement of the left ventricle on a drum by 
means of a vertically moving stylus. The principle of this simple 
expedient is illustrated in figure 1 and actual records of the movements 
are shown in figure 2. 
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regurgitation could not have been greater than a similar increase occa- 
sioned by a change in rate from 133 to 70 beats per minute. Accord- 
ing to experimental work on normal hearts this is approximately 10 
per cent. Herrmann (6), who made extensive studies upon surviving 
dogs, also found that rupture of the aortic cusps causes no immediate 
increase in the areas of x-ray shadows; on the contrary, the area 
actually decreased in some animals. Enlarged heart shadows were 
found only in the later stages when hypertrophy was actually present. 
It is obviously impossible to separate the effects of regurgitation from 
those due to muscular hypertrophy; Herrmann regarded the latter 
as the essential cause. Eyster (7), however, obtained earlier evidence 
of enlargement in similar experiments; the size of the x-ray shadows 
increased for 3 or 6 days and then gradually returned to normal after 
another period of about four days. 

No attempts have been made to explain these contradictory results, 
but several reasons suggest themselves to us: 

1. The cardiac acceleration may have been of lesser degree in the 
experiments performed by Eyster. 2. Differences in the method of 
rendering valves insufficient (e.g., rupture vs. incision) may be account- 
able for the supervention or absence of secondary circulatory changes. 

3. Changes in diastolic volume of the dog’s heart may not always be 
detectable by changes in the outline or area of x-ray shadows, owing to 
predominant anteroposterior enlargement. Eyster (7) particularly 
points out that the apex of the left ventricle is most easily stretched. 

4. Considerable regurgitation may conceivably occur at the expense 
of auricular inflow without great additional distention of the ventricle. 
Experiments recently reported by Wiggers and Green (8) indicate that 
this mechanism of accommodation obtains under the most favorable 
conditions that can be created in a perfused heart. 

Some of the difficulties encountered in determining and evaluating 
the changes in cardiac outline by means of x-ray shadows from intact 
animals can be obviated by recording the changes in size of the exposed 
heart by the cinematographic method. The following advantages 
are obvious: 

1. The rate of the heart can be controlled artificially, thus eliminat- 
ing the possible influence of heart rate changes on ventricular size. 
2. The outlines of the ventricles can be accurately determined. 
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3 The size of the ventricular outline can be registered at successive 
short intervals during systole and diastole rather than during maxi- 
mum diastolic relaxation only, as in ordinary x-ray exposures. 

METHODS 

The heart of a dog. anesthetized with 
and supported in a cradle of pericardium made by stitching 



Fig. 1. SciIEiUTIC DlAGR.\iI lLLUSTR.mNG SUSPENSION OE HeART, REGISTRATION 
OF Anteroposterior Diameters and Cinematophotogiliphy 
A, 2?, C, D and /l^ B, C, D\ two methods of heart suspension by pericardium; 
R, V and L, V, right and left ventricles respectively; plane of frontal projec- 
tion; Ly camera lens; image on film; R, needle recording changes in antero- 
posterior diameter of left ventricle, Further discussion in text. 

edges to the chest wall. Artificial respiration was kept low and regu- 
lar, so as to prevent the plane of the heart from moving forward more 
than 3 mm. during inflation. This was actually controlled by register- 
ing the anteroposterior movement of the left ventricle on a drum or .. 
means of a vertically moving stylus. The principle of this ^ 

c.xpcdient is illustrated in figure 1 and actual records of 
arc shown in figure 2. 
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In these, as in the first experiments on aortic insufficiency reported 
by one of us (9), an aortic leak was produced by a metal sound with a 
plunger, the instrument being introduced through the ventricular 
musculature of the left ventricle and entered into the root of the aorta. 
When the plunger was withdrawn, communication between the open 
end of the sound in the aorta and the two side openings of the tube 
lying within the ventricle was established. The diameter of the tubes 
varied from 5.5 to 9.3 mm. and created an insufficiency ranging from 
one-half to seven-eighths the size of the aortic orifice. As a rule areas 
equal to one-half to three-fourths that of the aortic orifice were em- 
ployed because they produced no evidence of stenosis when the plunger 
was in place. 

As previously intimated, the rate of the heart was kept constant. 
To accomplish this and yet maintain a sufficiently slow rate, the S-A 
node was first clamped in some animals. In a comparatively large per- 
centage of cases, this caused a slow A-V nodal rhythm. By applying 
somewhat faster rhythmic break shocks to the right auricle, a compara- 
tively slow and constant artificial tempo was maintained. 

Synchronous moving pictures and optical aortic pressure tracings 
were taken before, during and at various intervals after creation of an 
insufficiency. In other experiments, we studied the changes after 
discontinuing a lesion by pushing the plunger home. 

The method of recording arterial pressure curves has been described 
in detail by one of us (10). The principle of the photographic arrange- 
ments for obtaining moving pictures is obvious from the diagram of 
figure 1. If a moving picture camera with a suitable lens (L) is placed 
at a proper distance from the heart, a small picture of the plane 

x-y is photographed on the film. 

Moving pictures were taken on 16 mm. panchromatic film by means 
of a Beli-Howell camera equipped with a 2.5 cm. F-2,7 Zeiss lens. 
Sufficient illumination was secured from three 500 watt Mazda lamps 
equipped with reflectors to permit the use of a diaphragm stop between 
2.7 and 4. The moving picture camera was rated to have a speed of 32 
exposures per second. Actual tests showed that after the first 3 or 4 
pictures and until the fully wound camera had run for 15 seconds the 
interval of exposure was exactly 0.02 second and the intcr\'al of shutter 
closure was 0.011 second. Individual pictures were thus taken every 
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0.031 second. The camera was placed at a distance of one foot from 
the anterior surface of the heart and photographed a picture which 
approximately filled each frame of the exposed film. The animal 
board was slightly tilted so that the surface of the heart was parallel 
with the surface of the film in the camera. After each observation, 
numbers or data written with chalk on a small black plate were photo- 
graphed, thus enabling identification of films. Correlation of these 
pictures with optical pressure pulses was obtained by recording the 
occasional closing and opening of two signal magnets in the same 
circuit. 

After development and conversion into a positive film, each frame 
was projected as a stationary picture, the surface area of which was six 
times that of the actual outline. The successively projected areas 
were drawn on a roll of semitransparent paper lying flat against a glass 
pane and so arranged that it could be pulled down from a roll. Space 
was saved by allowing an overlapping of the drawings of successive 
heart areas. Subsequently, each area was measured by means of a 
planimeter and the values expressed in cm.“ were plotted on coordinate 
paper on which the abscissae represented intervals of 0.031 second (cf. 
figs. 3, 4 and 5). 

The physical sources of error introduced by movements of the heart, 
by changes in respiration, and by the “personal factor” in redrawing 
and measuring were carefully studied by Strughold (11) in this labora- 
tory and will be reported elsewhere in detail. His studies justified the 
conclusion that the maximal total error may reach 10 per cent but, 
by attention to experimental details, this can be greatly reduced. 
Furthermore, much smaller errors in individual measurements are 
easily detected by plotting the successive values of surface area 
measurements for two or more consecutive beats. This may be illus- 
trated by means of the curves of figure 3. A line connecting the suc- 
cessive dots usually gives curves having the general form of volume 
curves. If an occasional dot falls above or below such a line, as in the 
case of those labeled X, an error is involved. Since we are primarily 
concerned with the minimal and maximal measurements and their 
difference, such aberrant values may be disregarded. To guard 
against the introduction of similar errors in the case of the largest and 
smallest areas in any cycle, it is important to measure at least two- 
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successive beats. The curves to be acceptable must no t .show a varia- 
tion greater than 5 per cent. 

After adopting all these technical precautions and also those fore- 
seen by Strughold, we found to our regret that still another source of 
error remained. Strughold had happily avoided this pitfall by making 
his chest openings rather large; we, on the contrary, fell into it in 
some of our experiments by making — as we believed — a slight improve- 
ment in the operative technic. We refer to the manner in which the 
heart is suspended in the pericardium. If, as shown in the cross-sec- 
tion diagram of figure 1, the ventricles rest upon the pericardium 
stitched to a widely opened thorax, ample room for lateral expansion 
exists. This is illustrated by the lines B C of figure 1. If, 
however, the chest opening is reduced to AD and the sides of the peri- 
cardium A B and C D consequently form a more acute angle with the 
ventricles, an increase in diastolic ventricular size due to any cause will 
distribute itself in the directions indicated by arrows 1, 2 and 3, but 
not in the direction indicated by the arrow 4. Under these circum- 
stances, enlargement of the heart occurs in an anteroposterior direc- 
tion, but no variation in the lateral diameter ocr^ and, consequently, in 
the photographed diameter can occur. 

The error is more significant when, as in our experiments on aortic 
insufficiency, the increase in the frontal projection of the two ventricles 
is effected through an increase in the size of the left ventricle alone. 
Consequently, we stress the surgical detail essential to successful 
application of the method; the thoradc opening must be made large 
and the angle between pericardial and ventricular surfaces must be 
kept great enough to permit free lateral expansion of the ventricles. 
The selection of round-chested dogs for experiments of this sort is of 
great help in accomplishing these aims- 

Detailed analysis of representative results 

A comprehensive consideration of our results may advantageously 
be preceded by a detailed discussion of several representative 
experiments: i 

The three graphs of figure 3 are introduced partly to show the char- 
acter of our negative results, partly to demonstrate the effects produced 
by lung inflation. 
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Graph A shows the changes in cardiac size previous to an aortic leak. 
The differences in diastolic size are such as are common when lung in- 
flation comes into play. The first beat was recorded at the end of 
deflation, the second showing a somewhat greater diastolic size, during 
beginning of inspiration. They emphasize the importance of selecting 
beats during comparable respiratory phases, preferably those during 
the phase of lung deflation. 

Graph B represents the 9th and 10th beats after production of an 
insufficiency. The corresponding changes in the aortic pressure 
curves reproduced as segments A and B in figure 6 demonstrate clearly 
that an effective insufficiency had been created. 

Graph C represents the outUne curves obtained after insufficiency 
had been maintained for 4 minutes. The corresponding optical pres- 
sure curves of segment C in figure 6 show definitely that the vigor of 
ventricular ejection must have increased. 

In spite of the circumstantial evidence of an augmented systolic dis- 
charge presented by the pressure pulses (segments B, C, fig. 6), — ^viz., 
the larger pulse pressure, coupled with a higher systolic pressure — 
neither the plots of figure 3 nor actual figures of more extensive 
measurements give any direct evidence that either the systolic dis- 
charge or the diastolic size had increased. Such observations accord 
with the equally negative results of investigators who have studied the 
effects of aortic insufficiency in intact animals by x-ray studies. In 
view of our previous discussion we are not inclined, however, to accept 
such demonstrations as evidence that the systolic discharge remained 
unaltered and that no regurgitation occurred. Indeed, graphic curves 
showing the changes in anteroposterior diameter supply direct evidence 
to the contrary. As illustrated in figure 2,1, such records unfailingly 
show an increase in amplitude of the excursions and an elevation of 
the base line indicating that the diastolic anteroposterior diameter in- 
creased and the amplitude of contraction became larger. We must 
therefore conclude that the changes in cardiac volume mirrored them- 
selves entirely as variations in the anteroposterior diameter of the 
ventricle. Reference to our experimental notes verifies the suspicion 
that lateral expansion was prevented by the restricting action of the 
pericardial support. 

The second series of outline curves selected for discussion and repro- 
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duced in figure 4 were obtained from an animal in which particular care 
was taken to permit adequate lateral expansion. The chest was widely 
opened and the pericardial surface made a large acute angle with the 
surface of the heart. The natural heart rate after clamping the S-A 
node was 90 per minute. The normal outline curve of the ventricles 
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Fig. 3. Three Sets of Carduc Outune Curves during Two Successive 
Systoles and Diastoles 

Ordinate figures X 10 « sq. cm. of projected areas; abscissae = 0.031 second; 
letters Af C indicate correspondence with curves of figure 6; arrows indicate 
beginnings and ends of systole. Discussion in text. (Experiment C-486, II, a-b.) 

(D) shows all the characteristics of a normal volume curve, including 
the long period of diastasis. From moving pictures taken shortly 
after the production of a leak, the outline curve (E) was plotted. 
The heart rate remained approximately the same. Curve E shows 
both an increase in diastolic size and a larger difference between maxi- 
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Fig. 4. Four Graphs Showing Heart Size Changes During Systole and 
Diastole with Nor^ial and Insueeicient Aortic Valves and at 
Different Heart Rates 

Abscissal and ordinate values as in figure 3; arrows designate beginnings and 
ends of systole; letters D, E, F, G indicate correspondence with curves of figure 6. 
Discussion in text. (Experiment C- 487, III, a-d.) 

mal and minimal size during the heart cycle. The optical pressure 
curves corresponding to these graphs are reproduced as segments D 
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and E of figure 6 and the records of anteroposterior changes are repro- 
duced in figure 2, III. 

Such curves leave no doubt of the fact that changes in ventricular 
volume after an aortic insufficiency are correctly reproduced by cine- 
matographic registration when ample room for lateral expansion is pro- 
vided. The limitations of such a method of support are, however, 
exemplified by a consideration of the two other graphs of figure 4, 
Desiring to study the influence of heart rate and duration of diastole 
on the magnitude of regurgitation, we artificially increased the heart 
rate to 178, while a constant size of leak was maintained. Finally, 
while the rapid rate continued, normal valvular conditions were 
restored by thrusting back the plunger. The changes in the pressure 
pulses are shown in segments F and G of figure 6 and the alterations in 
anteroposterior diameters in segment III of figure 2. Graph F in 
figure 4 shows the effects of increasing the heart rate. We note a 
decrease in diastolic volume and a moderate diminution in systolic 
discharge. The contour of the plotted curves are not particularly 
smooth, however, and the successive beats vary considerably as to 
minimal sizes. The upper curve showing a curve of successive out- 
lines after restoration of normal valvular action is more regular, but 
neither the maximal nor minimal sizes differ appreciably from those 
of the curve below. 

This lack of difference occurred in spite of ample room for lateral 
changes in size, and in spite of the fact that records of anteroposterior 
diameters (fig. 2, III) showed significant variations. Observations 
showed, however, that the experimental conditions were unfavorable 
for accurate filming of the cardiac outline. When the size of the 
ventricles decreased visibly in consequence of so great an acceleration, 
the pericardial space available was far too large; the ventricles in con- 
sequence flopped about in such a way that changes in focus probably 
resulted. Under such conditions an accurate comparison of changes 
in ventricular size is impossible. We enter so fully into these technical 
details in order to emphasize the reserve and caution that must be 
e.xercised in evaluating results. 

As a final set of records for detailed analysis, we present in figure 5 
the most pronounced effects on ventricular size and output we have 
succeeded in obtaining. They show in succession (II) a normal con- 
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trol curve, (I) a curve during an aortic insufficiency, (/) a normal 
curve after abrogation of the lesion and (iv) a curve during a second 
aortic insufficiency. The corresponding optical pressure curves are 
shown as segments /, J and K of figure 6. Curves such as these 
give evidence that creation of a large aortic insufficiency can increase 
both the diastolic size and the extent of the systolic contraction. 



J^iG. 5. Four Graphs Showing Heart Size Changes During Systole and 
Diastole with Noiul^l and Insoteicient Valves 
Letters H, I, /, K indicate correspondence with curves of figure 6. Abscissae 
and ordinates as in figure 3. Discussion in text. (Experiment C-472, 1, a, b, c 
and II, a.) 

The differences in the curves do not, however, permit us to draw 
direct conclusions as to the magnitudes of the systolic strokes and, 
by inference, of the degree of regurgitation. In the first place, the in- 
crease in size probably occurs entirely in the left ventricle, whereas the 
curves represent areas in which the right and left ventricles normally 
have ratios ranging from 10:9 to 10:8. Furthermore, the curves 
represent changes in the frontal projection of the heart outline rather 
than true volume curves, regardless of certain resemblances in form. 
It is not improbable however that the relationships between volume 


Fig. 6. Three Series of Optical Pressure Pulses from Aorta Showing 
Dynamic Changes Produced by Aortic Lesions 
Letters of segments correspond to those on graphs of figures 3, 4 and 5. Dis- 
tances from base line give relative changes in systolic and diastolic pressure 
changes correctly. Time 0,02 second. Discussion in text. 
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and projected areas established by Bardeen (12) and Skavlem (13) 
apply also to our measurements. We have attempted, therefore, by use 
of Skavlem’s formula (S.D. = 0.44 X A®/^) to translate the difference 
between systolic and diastolic areas directly into terms of systolic dis- 
charge. Doing this, in the case of the first two curves of figure 5, we 
find that the differences between the largest and smallest areas amount 
to 34 cm." and 44 cm.- respectively. After reducing these values by 
one-sixth, to allow for magnification in projection, and applying 
Skavlem’s formula, we find that the stroke volume of the two ventricles 
was 5.9 cc. before the lesion and 8.7 cc. after the lesion, giving a net 
increase of 2.8 cc. Applying a similar procedure in the case of the 
second set of curves, we calculate the stroke volume to be 8.2 cc. pre- 
vious to the lesion and 9.6 during a lesion; an increase of 1.4 cc. 

, Since, however, the increases in stroke volumes so determined are 
entirely due to left-sided effects, these values should be added to the 
normal stroke volumes of the left ventricle alone, i.e., roughly, to half 
the calculated stroke volume for the two ventricles. 

The percentage increase in left ventricular discharge can then be 
calculated from these values by taking the left ventricular discharge 
during an insufficiency as a base. In the case of the experiment being 
. analyzed the following steps become obvious: 

Curves H-I Curves J'K 


cc, cc. 

Stroke volume of two ventricles (normal) 5,9 8.2 

Probable stroke volume of left ventricle (normal) 3.0 4.1 

Increase in stroke volume of left ventricle (insufficiency) 2.8 1.4 

Total stroke volume of left ventricle (insufficiency) ... 5.8 5.5 

Percentile increase in left ventricular discharge 48.0 25.0 


Comprehensive analysis of results 

Having delineated the value and limitations of the method and 
analyzed the probable and definite information to be derived from the 
results of individual experiments, we are in a position to consider the 
results of all experiments in a more comprehensive fashion. 

Complete calculations and analyses of changes in the outline curves 
following aortic insufficiency were made in 23 experiments, selected 
from a much larger number carried out on 10 different dogs. The 
heart rate was maintained constant in each set of observations, but 
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in. different experiments ranged from 84 to 170 per minute. In 7 in- 
stances the diastolic size was not altered and the systolic discharge 
either remained unaltered or decreased slightly during existence of an 
aortic insufficiency. 

Four of these negative experiments are satisfactorily explained by 
improper pericardial suspension; in each, the anteroposterior diameter 
increased during diastole. The remaining three, in which the minimal 
systolic area actually diminished during a lesion cannot be definitely 
accounted for. 

The data from the remaining 16 experiments in which the sys- 
tolic discharge increased are shown in table 1. In most instances, 
the increase was chiefly or solely due to the increase in maximum 
diastolic size; minimal systolic size changing but slightly. 
Experiments 468, V, c and 486 II, however, form two exceptions in 
which diastolic size diminished and the greater systolic discharge is 
clearly attributable to a predominant' decrease in systolic size. For 
tills reason these results are also questioned. This leaves 14 positive 
experiments which warrant further deduction. In these, the increases 
calculated by taking the systolic discharge during insufficiency as a 
base range from 16 to 31 per cent and from 41 to 58 per cent in two 
groups of 7 experiments each, the average being 36.4 per cent. 

The factors determining the magnitude of the increase could not be 
satisfactorily analyzed. The increase seemed to bear no definite 
relation to heart rate, nor to the size of the leak. The heart rates in 
the two groups listed above were 170-90, 170-84 respectively, i.e., 
all degrees of increases were found at all heart rates examined. In 
experiment 478 the percentile increase appeared to be greater at slower 
rates, but in experiment 472 the reverse seemed to be the case. 

DISCUSSION 

Several investigators have carefully studied by means of x-ray 
methods the effects produced by acute aortic lesions on the maximal 
diastolic size of the ventricles. Our results indicate that the method 
is not destined to cast much light on the question as to the magnitude 
of the regurgitation. Even in our most favorable experiments, the 
increase in area was comparatively small when the heart rate was kept 
constant, recognizable differences being evident only when the cardiac 
outlines were magnified at least 6 times. 
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TABLE 1 


Data from 16 experiments showing increased systolic discharge 


Experiment 

Stage 

Heart 
rate i 

Maxi- 

mum 

dias- 

tolic 

size 

X6 

Mini- 

mum 

sys- 

tolic 

size 

X6 

Differ- 
ence in 
areas 
X6 

Calcu- 
lated 
systolic 
dis- 
charge 
of two 
ventri- 
cles 

Prob- 
able sys- 
tolic 
dis- 
charge 
of left 
ven- 
tricle 

Percent- 
age in- 
crease 
systolic 
dis- 
charge. 
Left 
ven- 
tricle 


i 

per 

minute 

cm.^ 


cm.^ 

cc. 



468 Ila 

Control 

162 

271 

236 

35 

6.2 

3.1 


b 

Insufficiency 

162 

283 

235 

48 

10.0 

6.9 

+55 

468 IVa 

Control 

162 

262 

222 

40 

7.6 

3.8 


b 

Insufficiency 

162 

272 

228 

44 

8.7 

4.9 

+22 

468 Va 

Control 

170 

277 

247 

30 

4.9 

3.0 


b ; 

Insufficiency immediately 

170 

293 

260 

33 

5.7 

3.8 

+21 


Insufficiency stabilized 


262 

224 

38 

7.0 

4.9 

+39 

469 Ha 

Normal 

152 

204 

177 

27 

4.2 

2,1 


Ilia 

Insufficiency 


214 

181 

33 

5.7 

3.6 

+41 

472 la 

i 

Normal 

162 

255 

221 

34 

5.9 

3.0 


b 

Insufficiency 


257 

213 

44 

8.7 

5.8 

+48 

c 

Normal after 

125 

252 

210 

42 

8.2 

4.1 I 


Ila 

Insufficiency 


254 

207 

47 

9.6 

5.5 

+25 

b 

Normal after 


249 

208 

41 

7.9 

4.0 


c 

Normal later 


249 

208 

41 

7.9 

4.0 


474 I 

Insufficiency j 

150 

284 

220 

64 

15.2 


+58 


Recovery 

ISO 

275 

230 

45 

9.0 

4.5 


II 

Normal 

160 

271 ' 

221 

50 

10.6 

5.3 



Insufficiency 


282 1 

229 

53 

1 11.6 

6.3 

■ +19 


Normal after | 


272 1 

1 

222 

50 

i 10.6 

5.3 


478 I 

Normal 

96 

1 

338 ! 

64 

74 

' 19.0 

I 9.5 



Insufficiency 


350 

267 

S3 

22.6 

13.1 

+27 


Normal after 


335 

261 

74 

19.0 

9.5 


II 

Normal 

1 

100 

336 

260 

76 

19.8 

9.9 



Insufficiency 


349 

262 

87 

24.3 

14.4 

+31 


Normal after 


336 

; 256 

80 

21.4 



V 

Normal 

88 

361 

295 

66 

16.0 




Insufficiency 




83 



+45 
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TABLE l^ottCluded 


Experiment 

Stage 

Heart 

rate 

Maxi- 

mum 

dias- 

Coirc 

size 

X6 

Mini- 

mum 

sys- 

tahe 

size 

X6 

Differ- 
eace In 
areas 
X6 

Calcu- 
lated 
systolic 
dis- 
charge 
of two 
ventri- 
cles 

Prob- 
able sys- 
tolic 
dis- 
charge 
of left 
ven- 
tricle 

Percent- 
age in- 
crease 
systolic 
dis- 
charge. 
Left 
ven- 
tricle 



per 

minute 

cm,* 

cm.* 

cm.* 

cc. 



WI 

Control 

84 

345 

286 

59 

13.5 

6.8 



Insufficiency 


359 

280 

79 

21,4 

14.7 

+54 


Control after 


337 

284 

53 

11.6 

5.8 


VIII 

Control 1 


350 

279 

71 

18.2 

9.1 



Insufficiency 


365 

279 

86 

23.8 

14.7 

+39 


Control after 


348 

276 

72 

18.3 

9.1 


486 Ila 

Normal 

120 

262 

212 ' 

50 

10.6 

5.3 


b 

Insufficiency immediately 


258 

207 ' 

51 1 

10.9 1 

5.6 


c 

Insufficiency later 


260 

207 

53 1 

1 

11.6 ! 

1 

6.3 

+16 

487 lla 

Normal 

90 

288 

249 

39 ! 

7.3 1 

3.6 


b 

Insufficiency 

89 

302 

258 

44 ' 

8.8 1 

5.1 

+29 


Furthermore, an undoubted demonstration of increase in diastolic 
size need not necessarily be interpreted as evidence in favor of regur- 
gitation during each sttcccssive diastole. For example, it can adequately 
be accounted for by assuming regurgitation during a single diastole 
ojily^ provided the systolic discharge remains the same. 

The results of 14 controlled and carefully evaluated experiments 
have shown that the systolic discharge of the left ventricle beating at a 
constant rate may be from 16 to 58 per cent or an average of 36.4 per 
cent greater during aortic insulBciency than when the valves close 
normally. Such values give by inference a fair estimate of the per- 
centile regurgitation during each diastole. Two reservations may be 
thought of however, viz. : 

1. The percentile regurgitation may be somewhat less than these 
figures indicate, owing to the fact that compensatory mechanisms are 
set into operation which in themselves increase the systolic discharge of 
the left ventricle (e.g., the increased diastolic size and initial tension of 
the left ventricle). 

2. The percentile regurgitation may be somewhat greater than the 
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INTRODUCTION 

During the last ten years the medical profession has shown a lively 
interest in the vascular diseases of the extremities. The attitude has 
changed from a feeling of hopelessness to a desire for more effective 
therapeutic measures. It has like\vise become apparent that accurate 
diagnosis of the actual condition present in any individual case is often 
a matter of the greatest difficulty. The work of Allen and Brown (1) 
has materially helped in untangling the confusion in this group of 
conditions. 

At the present time the majority of our tests indicate only the ade- 
quacy or failing of the circulation. The color of the extremity at the 
horizontal, in dependency, at elevation almost to the vertical, and 
after exercise is very important. The time of color return after pres- 
sure has blanched an area indicates the efficacy of capillary circulation. 
The blushing test following removal of a tourniquet often tells fairly 
accurately the level below which the limb is in danger. The oscil- 
lometer may show that pulsation is still present though it can no longer 
be palpated. The salt solution intradermic wheals help us to judge 
tbe degree of circulatory impairment. The measurement of surface 
temperatures by thermocouple readings, and the rapidity of return of 
such temperatures, after constricting the circulation, give data of 
value. The only method so far available to estimate the relative 
amount of vasoconstriction is the intravenous typhoid vaccine reaction 

* Presented in abstract form at the meeting of the American Society for Clinical 
Investigation, May 5, 1930. 
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introduced by Brown (2). This procedure gives a general reaction 
of considerable severity. If the surface temperatures of the extremities 
are recorded by thermocouple readings during this time an indica- 
tion of the amount of vasospasm is evident. If the disease is purely 
organic obstruction practically no change takes place in this vasomotor 
index. 

It has long been known that there is a vasodilatation under general 
anesthesia. The loss of heat from this source makes it necessary to 
keep the patient well covered throughout an operation. This is a 
general response of the peripheral vascular network. It occurred to 
us that there might be a vasomotor response following spinal anes- 
thesia. It was relatively easy to test the cutaneous temperatures of 
the feet of patients under this form of anesthesia. 

METHODS AND RESULTS 

The first tests were made on a group of patients with normal vascular 
systems as far as could be determined by the usual clinical examina- 
tions.“ These patients suffered from such conditions as gallstones, 
ventral hernias, bilateral inguinal hernias, and chronic appendicitis. 
They were all in good condition and the operation was in every case 
an operation of election. Spinal anesthesia was chosen usually for 
technical advantages. The vasomotor response of these people who 
were in good general physical condition with normal vessels was almost 
uniform. Surface temperatures were recorded at identical points on 
the soles and dorsal surfaces of the feet and on plantar surfaces of the 
great toes of both sides. The feet were exposed for twenty minutes 
and the skin temperatures allowed to adjust themselves, several read- 
ings being taken to establish a base line. The room temperature was 
kept as constant as possible at about 23°C., and care was taken to 
exclude air currents. A constant temperature room was not available. 
Readings were then made as soon as possible after spinal anesthesia 
had been induced and at frequent intervals thereafter. The table was 

* The surface temperatures were determined by the thermocouple method. 
An improved apparatus for such measurements was devised and has been briefly 
described in the Journal of the American Medical Association. All of the later 
determinations were made with this instrument, the Dermatherm. 
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tilted from five to ten degrees within a few minutes after the lumbar 
puncture. 

There is a fluctuation in the surface temperatures of normal feet, at 
times the readings on the same foot varying as much as 2®C, There is 
rarely more than one degree in difference between the two sides. The 
sole regularly has a higher surface temperature than the under surface 
of the great toe, the former being anywhere from 3° to 8°C. higher than 
the latter. The average readings for twenty-two cases before opera- 



Fig, 1. The Vasomotor Response op Normal Vessels Following Spinal 
Anestiiesu 

tion were 24.7 ±3°C. for the toes and 30.25 i3°C- for the soles- The 
height of the peak which the surface temperature reached after spinal 
anesthesia was almost the same for both soles and toes, 34.2 zh2°C. 
and 34.5 ±1.5®C. respectively in twenty- two observations. There is 
thus a much larger proportionate rise for the surface temperature of 
the toes than for that of the soles after spinal anesthesia. The reading 
is so constant that it undoubtedly represents the maximum vasodila- 
tation response for the normal vessels of the lower extremities (fig. 1). 
Thirty-three degrees centigrade is its lower limit in the toe (named by 
us ^'normal vasodilatation leveFO* For purposes of estimatingjthe 
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element of organic obstruction in a vascular disease the maximum 
surface temperature reached after sympathetic paralysis is subtracted 
from this figure and the difference is the “obstruction index.” 

The chief exceptions so far noted to the above normal reactions are 
in patients with fever; or in those with advanced carcinoma. Patients 
with fever have the surface temperatures of the feet already at the 
maximum vasodilatation level. Patients with advanced carcinoma 
strangely enough also show high surface temperature readings for the 
extremities. In three such patients on whom palliative operations 



Fig. 2. An Exception to the Rule eor Normal Vessels is Seen in Advanced 

Malignancy 


were performed under spinal anesthesia, the surface readings before 
anesthesia registered as an average at 32.5°C. Following spinal 
anesthesia there was a steady drop of surface readings in two cases so 
that the feet were from two to five degrees C. colder after operation 
than before (fig. 2). In the third case there was a faint rise above the 
preoperative level but it was only transient. The temperatures re- 
mained approximately the same after the spinal anesthesia in this case. 

We have also had an opportunity to test the response to spinal 
anesthesia in certain types of vascular disease of the extremities. 
Tests have been made on cases of endarteritis obliterans with and 
without vasospasm, on thromboangiitis obliterans with vasospasm, on 
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arteriosclerotic diseased vessels; but not as yet on true Raynaud^s 
disease. The tests have been made on patients with these conditions 
both before and after lumbar ganglionectomy, and in some instances 
where only a unilateral operation had been performed. Cases typical 
for each group studied will be cited below to illustrate the usefulness 
of the method. 

In a typical case of endarteritis obliterans where pulsation could not 
be made out below the left femoral artery, but was present though 
diminished in the vessels of the right foot, the surface temperatures of 



Fig. 3. Diseased vessels vary in their vasomotor reaction depending on the 
condition. The left toe was the cause of complaint in this patient but even the 
right side shows only a moderate reaction. Pulsation in vessels of foot — absent 
on left, feeble on right. 

both feet and toes were approximately equal. Following spinal anes- 
thesia there was a drop in cutaneous temperature on the left where the 
vessels were diseased, and a rise on the right side where the vessels 
gave evidence of less involvement. It was apparent that vasospasm 
was not an important factor in this case and tliat operation on the 
sympathetic nerves would not be successful. The lesion was probably 
an obliterative endarteritis on a syphilitic background (fig. 3). 

A similar case of endarteritis of syphilitic nature showed popliteal 
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pulsations on both sides and pulsations in the arteries of the left foot, 
but no pulsation could be made out in either the dorsalis pedis or 
posterior tibial artery on the right. The right sole and great toe were 
colder than the left on thermocouple readings and after spinal anes- 
thesia, although the left foot responded with an abrupt and sustained 
rise in temperature, the right response was less in degree and slower. 
The right side reached the normal vasodilatation level but the left 
side had an “obstruction index” of 2°. This test showed that there 



Fig. 4. In this case of endarteritis the right foot caused the trouble. The solid 
lines are for the right sole and toe respectively and the dotted lines for the left 
sole and toe. It is apparent that the readings for the right sole and toe are about 
2°C. colder than the corresponding left readings. After spinal anesthesia the right 
side shows a fair vasomotor response but not as good as that of the more nearly 
normal left foot. 

was a moderate vasospastic element present together with definite 
obstruction (fig. 4). 

In a diabetic patient with obliteration of the arteries and a previous 
mid thigh amputation on the left, the question of palliation for impend- 
ing gangrene of the right foot became urgent. Surface temperature 
readings indicated that the great toe was warmer than the sole. But 
after spinal anesthesia the toe showed scarcely any response while the 
sole gave a decided surface temperature rise. From this study it 
seemed that the vessels suppl3dng the sole of the foot showed vasocon- 
striction and reacted to the normal vasodilatation level. The toe, how- 
ever, showed no vasoconstriction but an “obliteration index” of 2 . 
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We interpreted this as meaning that the mmn arterial channels to the 
toe were completely obstructed. The smaller arteries showed no 



355 1015 TO TO 1115 11-35 1155 1215 

Case No 26956 

Ar\eno5cleroUo vessels— Diaibeles — Arnpula^^cd LleJ 

Fig. 5. In this case of arteriosclerosis the surface temperature of the great toe is 
higher than normal but the response is not marked. The sole shows a much better 
reaction. 



Fig. 6. The contrast between the complete vasodilatation on the right side 
which has bad the lumbar sympathetic ganglia removed and the left unoperated 
side is striking. The surface temperature response of the unoperated side to spinal 
anesthesia indicates that there is a large element of vasospasm in the vascular con- 
dition on that side. 


spasm, possibly due to diminished intravascular pressure. Simple 
ligation of the popliteal vein was done in the hope of producing better 
peripheral distribution of the arterial blood (3) (fig. 5). 
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A patient with characteristic symptoms of thromboangiitis obliter- 
ans, more marked on the right, was tested with typhoid vaccine, and 
gave evidence of vasospasm. Right lumbar ganglionectomy was done 
with marked lasting relief on the right side. During the year, how- 
ever, the condition progressed on the left side. This patient presented 
an ideal case for comparison of the operated and non-operated sides. 
The surface temperature showed that the sympathectomized limb had 
high readings on the right sole and great toe as contrasted with those 
on the left which were 6° to 10°C. colder. When spinal anesthesia 
was given there was a marked rise in surface temperature on the cold 
left side while the right side was already within 1° of the normal 
vasodilatation level and showed no increase. It may be necessary to 
remove the left lumbar sympathetic chain in order to arrest the prog- 
ress of the disease on that side (fig. 6). The right side which was 
much the worse originally is now considerably better than the left. 
We are studying the surface temperature response to vasodilating 
drugs in this same patient. There is an excellent opportunity to thus 
compare the drug action with the known effective paralysis of sympa- 
thetic overactivity. 


DISCUSSION 

Spinal anesthesia acts as an effective temporary chemical block 
between the spinal cord and the peripheral nerves. It shuts off all 
motor, sensory and sympathetic impulses and allows the maximum 
release from their action. Consequently sympathetic inhibition as 
indicated by peripheral vasospasm is no longer active. This results 
in a maximum vasodilatation which manifests itself by a uniform rise 
in surface temperature of the extremities. The surface temperature 
readings for normal individuals under spinal anesthesia show that 
there is a close agreement and a narrow range of variation for complete 
vasodilatation. This furnishes an average surface temperature top- 
level which may be used as a gauge against the surface temperature 
readings in patients with abnormal peripheral vessels under similar 
conditions. By testing various areas of the limb it is possible to judge 
the degree of occlusion and spasm for the vessels and anastomotic 
circulation supplying that area. The test is easily carried out in a 
relatively short period of time which makes it contrast favorably with 
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Inhalation of nitrous oxide and oxygen combined with surface tem- 
perature readings might be of value in estimation of vasospasm in 
such cases. 

This has not been used extensively so far, as we were anxious to use 
tests of selective and not of general nature. 

We hope to further simplify the tests for vasoconstrictor activity 
by modifying the inhalation method when we have once satisfied our- 
selves regarding the basic process involved. 

Since writing this paper an interesting study by Dr. James C. White 
(5) has appeared. He also advocates blocking the sympathetic nerves 
to determine the presence or absence of vasoconstriction, 

CONCLUSIONS 

The importance of deciding whether a given peripheral vascular 
disease is due to vasospasm, occlusion of the lumen, or combination of 
the two is recognized. 

Spinal anesthesia is offered as a test which will simplify the differen- 
tiation of these elements in the lower extremities. 
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Dentistry, Rochester, N. R.) 

(Received for publication May 26, 1930) 

Physiologists have known for many years that lumbar sympathetic 
stimulation caused inhibition of motor activity in the colon together 
with contraction of the internal sphincter ani (1) (2). No direct 
application of this knowledge to the treatment of Hirschsprung’s 
disease was however attempted until Royle observed marked improve- 
ment in the obstinate constipation of spastic paralytic patients after 
interrupting the lumbar sympathetic connections (3) . Hunter studied 
the problem in the laboratory (4), Their clinical and experimental 
experiences that improved motor function of an inert colon followed the 
removal of the sympathetic influence, furnished the basis for testing 
the effect of a similar procedure in the treatment of congenital idio- 
pathic dilatation of the colon. This condition had long been sus- 
pected of having a neurogenic basis (5) (6). But not until the relief 
of it achieved by Wade and Royle (7) through lumbar sympathetic 
ramisection, was there any convincing evidence that the extrinsic 
nervous mechanism of the bowel was etiologically involved. 

Besides this original case, the results of interrupting the sympathetic 
pathways to the colon have been recorded in six others of Hirsch- 
sprung’s disease. Wade (8) operated upon four of these patients and 
Judd and Adson (9) reported two. We are sure that some others have 
been treated in this way but the results are not available as yet in the 
literature. In five of the seven cases the results have been eminently 
successful, while in two they have been unsatisfactory. The fmlurc 
to obtain uniform results raises the question, in a given case of niegalo- 
colon what effect will be obtained by operative interruption of its 
sympathetic innervation. Further information concerning the nature 

^ Presented before the American Society for Clinical Investigation, May 5, 1930. 
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and location of the mechanism that seems to be inhibiting normal 
motor activity in this disease is also desirable. Two typical cases of 
Hirschsprung’s disease recently studied have enabled us to estimate 
the element of sympathetic overactivity and to trace the site of its 
origin somewhat further. 


CASE REPORTS 

Case L V, S, (S. M. H. number 23225), a seven year old Italian boy, entered 
the hospital on account of extreme constipation. He had never had a bowel 
movement without the aid of enemas and cathartics. On admission his bowels 
had not moved for two weeks, a period not unusual for him. During prolonged 
periods of obstipation his abdomen became prominent, and occasionally he had 
suffered from nausea and foul vomiting. At the age of thirteen months the mother 
carried out a series of anal sphincter dilatations under her physician's direction 
without relief. 

Examination showed an alert, somewhat emaciated boy, underdeveloped for his 
age, with a markedly distended abdomen. Both the sigmoid flexure and the cecum 
were palpable as non-tender masses. On rectal examination the internal sphincter 
\vas spastic. The urine was negative; the hemoglobin was 77 per cent; white blood 
cells 6,450; red blood cells 4,800,000; polymorphonuclears 75 per cent. The Was- 
sermann reaction was negative. The stool was negative. A barium enema on 
admission (fig. 1) showed an enormous dilation of the rectosigmoid. There was 
no obstruction. 

The clinical diagnosis was a typical example of idiopathic dilatation of the colon 
(Hirschsprimg’s disease). 

After medical treatment for a month the colon was fairly clean. The signifi- 
cance of the extrinsic nervous mechanism in the clinical picture was then tested in 
the following manner. A barium enema was given. Four quarts of the solution 
were injected without causing any discomfort (fig. 2) . The patient was then asked 
to expel as much of the solution as he could, being allowed to sit up for this purpose. 
By great effort he expelled not over a quart. The width of the colon and the dis- 
tribution of the barium in it were not materially altered (fig. 3), He was then 
given spinal anesthesia (1 cc. of spinocaine used). About five minutes after the 
introduction of procaine, he began complaining of intense paroxysms of itching in 
the abdomen. These were soon associated with vigorous peristaltic rushes result- 
ing in involuntary expulsion of the barium. In the next fifteen minutes he was 
able to expel much of the barium solution, almost completely emptying the right 
and transverse colons and greatly diminishing the dilatation of the sigmoid flexure 
(fig. 4). He continued to pass more of the barium voluntarily during the next two 
hours. Another x-ray taken 3^ hours after the beginning of spinal anesthesia 
(fig. 5) showed how much he had been able to expel. This great augmentation in 
the motor efficiency of the bowel, temporarily achieved by paralyzing its extrinsic 
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nervous mechanism; seemed to indicate that permanent improvement would follow 
the removal of the sympathetic impulses to the large bow'cl. As both the right and 
left segments of the colon were involved, bilateral lumbar sympathetic gangliou- 
cctomy was performed on October 8, 1929. On October 19, he had the first spon- 
taneous bowel movement in his life and by November 1 was having two to four 
normal soft formed stools per day. On November 4, another barium enema was 



Fig. 1. Case 1. ilEGAtocoLOx ox Aoinssiox 

given to record the motor power of the colon. In the first place about two and a 
half quarts now produced a sensation of fullness so that he had some clilTiculty in 
retaining the enema (fig. 6). When allowed to expel it he evacuated about lialf of 
the mixture, almost completely emptying the right colon (fig. 7). Three hours 
later the striking haustration of the bowel was in evidence (fig. 8), Ne was dis- 
charged from the hospital on November 9, 1929. 

January 10, 1930, another barium enema was given which he now had even 
greater difficulty in retaining. When two quarts had been injected he had a feel- 
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ing of great fullness (iig. 9). When allowed to evacuate the enema he expelled 
every trace of barium (fig. 10). 

, Since November 1, 1929 (three weeks after operation) to the present (six montiis) 

he has been having regular daily spontaneous bowel movements usually twice a 
day, and has gained five pounds in weight since his operation. 



h'ic. 8. Case 1. Four Weeks after Bilateral Lumuar Sympatueciomv 
Four hours later. Spontaneous evacuation has expelled most of the enema. 
Note the e.xceilent haustration in transverse colon. 

Ciwc 2 . R. L. (S. M. H. number 32554), a five year old boy, had been consti- 
pated since hirtlj. In the first two weeks of Jiis life only one bowel movement was 
obtained. Ilis local physician, thinking that the sphincter might be tight, in- 
structed the mother to dilate it every day. This maneuver did not, however, 
result in better evacuations. I Ic has since then only twice had a desire to defecate 
and has not had a bowel movement without the aid of cathartics and enemas. I lis 
mother by constant attention, by giving large doses of catliartics and frequent 
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enemas has succeeded in preventing obstructive vomiting. Nine days frequently 
passed nevertheless without a bowel movement. His appetite would become 
poor, his abdomen greatly distended. When his bowels moved he passed enormous 
amounts of material. 

Examination showed an alert, well-developed youngster. His mucous mem- 
branes appeared to be slightly pale. When he stood erect his abdomen was promi- 



Fig. 13. The Eeeect of Spinal Anesthesia on the Motor Activity in the 
Large Intestine of the Cat 

A. After exposing and walling off the colon it is flabby and inert. 

B. Even distending it with saline causes no peristalsis and no emptying. 

C. Coordinated peristalsis begins almost immediately upon the induction of 
spinal anesthesia. Arrows indicate peristaltic waves seen in the moving film. 

D. Contractions of both longitudinal and circular fibers cause shortening and 
emptying of the distended colon after spinal anesthesia. 

nent. In the recumbent position after a bowel movement, when his abdomen was 
relaxed, diastasis of the rectus muscles became evident. The abdominal wall was 
thin and flabby, due apparently to periodic distension. The internal sphincter ani 
was tight and the rectal ampulla large and empty. Examination was painless. 
The urine was negative. There were 4,540,000 red blood cells j the hemoglobin 
was 75 per cent; the leucocytes numbered 7,850; the Wassermann reaction was 
negative- 
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His markedly dilated colon held three and a half quarts of barium solution 
(6g. 11). The abdomen became very prominent but he experienced no discom- 
fort. After fifteen minutes of effort he was unable in the horiaontal position to 
expel any. Spinocaine, 0.8 cc. diluted during injection with spinal fluid to 2.2 cc. 
was injected intraspinally. In about twelve minutes he became anesthetic to the 
level of the umbilicus and hypoesthetic well above the costal margin. He had also 
lost the ability to move his toes. He complained of itching of the abdomen and 
scratched vigorously. When the sensory and motor symptoms first began to 
appear he became nauseated and simultaneously evacuated a large quantity of 
the barium enema. At the same time he vomited a small amount. After several 
evacuations of rectal contents his abdomen became rela.xed. Fifteen minutes 
after the beginning of the spinal anesthesia another x-ray was taken which showed 
that most of the barium enema had been expelled. The ascending and transverse 
colons were nearly empty. The sigmoid flexure still contained a moderate amount 
but its diameter was greatly reduced (fig. 12). 

The results of this test conWnced us that sympathetic overactivity played the 
predominant r6le in this boy’s disease and that interrupting sympathetic impulses 
would result in permanent improvement. He has not yet been operated upon. 

In these two typical cases of Hirschsprung's disease spinal anes- 
thesia temporarily terminated the motor inertia of the large bowel. 
In order to test the efficiency of this procedure experiments were car- 
ried out in animals. The colon was exposed in ten cats by opening 
the abdomen under light ether anesthesia. The small intestine was 
packed off with gauze. The surface of the colon was kept moist by a 
saline spray. Under these conditions the colon was always found to 
be inert. If its wall was stimulated by pinching, a small local contrac- 
tion occurred. Coordinated peristalsis of the large intestine was 
observed in only one of the ten cats. In this animal (a pregnant cat) 
on first opening the abdomen a few feeble, ineffective peristaltic waves 
were seen, but they ceased entirely within three minutes. Distending 
the colon witli saline solution through the ileocolonic valve in no case 
caused any peristalsis or evacuation of its contents. Profound as- 
phyxia was the only state in which motor activity took place when the 
extrinsic innervation remained intact. 

If however, the paths of the S3mipathetic nerves to the large bowel 
were interrupted at any point, vigorous motor activity promptly 
appeared. If both lumbar sympathetic chains or the inferior mesen- 
teric ganglia were removed, then peristalsis and increased muscular 
tonus was widespread. But, if one or more of the colonic nerves in 
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the mesentery of the colon were cut distally to the inferior mesenteric 
ganglion, then motor activity appeared only in the segment supplied 
by that nerve. Evidently there is constant sympathetic stimulation 
passing to the colon under the conditions of the experiment (probably 
a reflex from the peritoneal wound) completely inhibiting motor 
activity until the sympathetic pathway is interrupted. Spinal anes- 
thesia was followed in every instance by the onset of motor activity 
fully as marked as followed complete mechanic^,! interruption of the 
sympathetic fibers to the colon. A small area of the dura was exposed 
in the lower lumbar region. Through a fine 27 gauge right angled 
needle as much spinal fluid was aspirated as possible. Ten per cent 
procaine (usually in the form of spinocaine, Metz) was injected into the 
subarachnoid space, the foot of the table being elevated five degrees. 
Vigorous peristalsis and anti-peristalsis began in the colon, usually 
within five minutes, followed very quickly by shortening and narrow- 
ing of the whole large bowel. If the colon had been distended with 
fluid before the induction of spinal anesthesia, motor activity brought 
about evacuation of its contents. A motion picture film shows this 
sequence of events. The four stages of this process are shown in figure 
13, taken from this film. If the attempt was made during spinal 
anesthesia to inject fluid into the colon it could not be distended as it 
coifld easily have been before paralyzing the sympathetic innervation. 
At about the time that motor activity appeared in the colon it was 
found that the muscular tonus of the lower extremities was lost while 
that of the upper extremities was unaffected. In other words, pro- 
caine had resulted in paralysis of the lumbar motor nerves to striated 
muscles and of the sympathetic inhibitory nerves to the large intestine. 
We conclude from these experiments that spinal anesthesia is a satis- 
factory method of overcoming temporarily sympathetic inhibition of 
the colon. 


DISCUSSION 

Spinal anesthesia as a test of sympathetic overactivity. Pioneer efforts 
have opened up great possibilities in several different fields for the 
removal of an excessive sympathetic stimulation. The greatest need 
in this development appears to be accurate criteria to demonstrate 
whether sympathetic overactivity is present and, if so, what will be 



W. J. MERLE SCOTT AND J. J. MORTON 


259 


the effect of its removal. For this purpose temporary abolition of 
sympathetic stimulation seems a priori the most reasonable procedure, 
and in practice has given us excellent results in the gastro-intestinal 
and the vascular systems. 

In the two clinical cases of Hirschsprung^s disease we have demon- 
strated the immediate augmentation in motor activity of the large 
bowel upon the induction of spinal anesthesia.^ In one of these cases 
it has been further shown that such temporary improvement in func- 
tion has been made continuous by the removal of the lumbar S3nnpa- 
thetic chains. The animal experiments have shown that spinal 
anesthesia is entirely effective in overcoming sympathetic inhibition 
of the colon. We propose the adoption of this procedure to ascertain 
in any individual case of megalocolon how effective operative interrup- 
tion of its sympathetic innervation will prove to be. 

The nerootis mechanism involved. These observations have advanced 
somewhat farther our knowledge of the mechanism underlying the 
motor anomaly of Hirschsprung^s disease. The previous results of 
operations on the sympathetic nervous system (Wade and Royle (7), 
and Judd and Adson (9)) have made it clear that there is probably 
sympathetic overactivity in this condition. But both types of opera- 
tion employed by them, ramisection and ganglionectomy, trace the 
origin of the sympathetic influence ^vith certainty only to the lumbar 
ganglia and do not establish involvement of the central nervous system, 
although both reports quoted express the opinion that the latter is 
implicated. The effectiveness of spinal anesthesia makes clear, how- 
ever, that motor inactivity in at least one type of Hirschsprimg^s 
disease is dependent upon central sympathetic inhibition of the large 
bowel. Whether sympathetic stimuli to the colon arise from impulses 
originating in the cord at higher levels or reflexly from sensory stimuli 
in the splanchnic area cannot be decided upon the basis of our present 
information. Experimentally in animals both types of sympathetic 
inhibition of the colon have been demonstrated; from higher centers 
by Hunter (4), and in Uie case of the peritoneal cavity by our experi- 
ments. The information at our disposal docs not even permit the 
inference tliat the actual number or strcngtli of sympathetic efferent 

^ In choosing the dosage in children of various ages wc have followed tlic table 
worked out by Pitkin (16). 
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impulses in this disease is greater than normal, since it would be pos- 
sible to account for the known facts on the basis of peripheral hyper- 
sensitivity to normally acting, constant sympathetic stimulation. 
This explanation seems however less likely. In any event, the effec- 
tiveness of spinal anesthesia in permitting motor activity of the bowel 
affords strong evidence for the belief that the anomaly in our cases of 
Hirschsprung’s disease is not due to permanent injury to or defect in 
the neuro-muscular mechanism such as degeneration in Auerbach’s 
plexus as described by Cameron (10). It also shows that efferent 
stimuli initiated in the central nervous system and traveling over the 
lumbar sympathetic pathways to the large bowel play a leading role in 
the mechanism. Whether the S 3 mpathetic influence is chiefly exerted 
through the inhibition of the muscular coats of the colon or through 
contraction of the sphincters (internal sphincter ani and O’Beirne’s) 
is another point that we have no way of deciding at present. S)mpa- 
thetic stimulation brings about both of these results, (Bayliss and 
Starling, (2) and Learmonth and Markowitz (11)) and probably both 
of them play a certain part. The peristaltic rushes observed under 
spinal anesthesia suggest that the activity of the intrinsic musciflature 
was at least as important as the relaxation of sphincters. 

Results of sympathectomy. As eminent an authority on the surgery 
of the autonomic nervous system as Kappis (12) stated in 1929, 
“Tierny® made the proposal to divide the rami communicantes of L 1 
and L 2 in megalocolon and so to decrease the spastic tonus; he will 
probably not find many imitators.” In view of the smaU number of 
cases of Hirschsprung’s disease so far treated by sympathetic opera- 
tions it may be well to call attention to the extremely promising results 
that have been acihieved. Our case adds another to this small group. 
When he came to us, this seven year old boy had never had a sponta- 
neous bowel movement without the aid of strong catharsis and enemas. 
Since operation (six months) he has continuously had normal daily 
evacuations without assistance. 

The Operation of choice at the present time we believe is lumbar 
s 3 Tnpathetic ganglionectomy as devised by Adson (15). Eventually 

® Tierny (13) reviewed an article by Bartle (14) who in 1926, on the basis of 
Royle and Hunter’s observations, advised sympathetic ramisection for Hirsch- 
sprung’s disease before any of the results of this procedure had been reported. 
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it will probably be feasible to interrupt the nervous pathways to the 
colon in the region of the inferior mesenteric ganglion, without inter- 
fering with other pathways in the lumbar sympathetic outflow. At 
present, assurance of complete interruption of stimuli to the large 
bowel is more important than preserving the sympathetic innervation 
of the extremities. If this test is used to select appropriate cases and 
if an operation certain to permanently interrupt the entire sympathetic 
innervation of the large bowel is chosen we feel confident that the 
results of the latter will be most satisfactory. 

CONCLUSIONS 

1 . At present a most important desideratum in surgery of the sym- 
pathetic nervous system is the development of accurate criteria for 
detecting sympathetic overactivity in the various systems affected. 

2. The temporary interruption of sympathetic stimuli to the in- 
volved area is used to select appropriate cases and to estimate how 
much effect removal of sympathetic innervation will have. 

3. Spinal anesthesia has produced temporarily motor activity of 
the colon in two cases of Hirschsprung’s disease and in axperiments 
in animals. 

4. The motor anomaly in at least one type of megalocolon is depen- 
dent upon central sympathetic inhibition of the large bowel. 

5. We propose the effect of spinal anesthesia upon the motor func- 
tion of the large bowel as a test of sympathetic overactivity in Hirsch- 
sprung’s disease. 
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In a study of fourteen cases of polycythemia vera, Brown and Roth 
(1) found the serum calcium to be over 11.0 mgm. per hundred cubic 
centimeters in every case. The actual range of serum calcium values 
was 11.1 to 18.1 mgm. per hundred cubic centimeters. The average 
value for the group was 14.3 mgm. These authors noted a reduction in 
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serum calcium accompanying a fall in red blood cell count following 
treatment with phenylhydrazine. 

We were stimulated by this report to make some additional studies 
of the calcium metabolism in polycythemia, but the work was halted 
in its incipiency by our inability to confirm the findings of Brown and 
Roth. 

Serum calcium determinations were made In nine cases of typical 
polycythemia vera using Clark and Collip’s modification of the method 
of Kramer and Tisdall (2). The patients received no special diet, and 
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in only one (case 6) was phenylhydrazine administered before the first 
calcium determination was made. The results are shown in table 1. 

From this tabulation it can be seen that in only two of the nine cases 
was the serum calcium in excess of 11.0 mgm. (12.9 and 11.3 mgm.) 
while in one case it was considerably less than 9.0 mgm. (7.9 mgm.). 
The remaining six cases all showed perfectly normal serum calcium 
values. The average for the group was 10.6 mgm. 

From these findings we conclude that there is no significant variation 
in the serum calcium in polycythemia vera. 
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In the past ten years there has been an increasing interest in the 
electrolyte structure of the blood. This interest grew from a realiza- 
tion of the impossibility of interpreting isolated changes in single 
constituents. Methods for partitioning the anions developed with 
much greater rapidity than did a similar approach to the cations. In 
1923 the authors published with Loeb and Palmer a series of studies 
on the serum acids including a few base partitions. Although the 
acid determinations were quite consistent, base results were unsatis- 
factory due to the unreliability of the sodium and potassium methods. 
With the development of an accurate method for estimating total 
cations, a more satisfactory understanding of the total electrolyte 
structure is possible. This method has evolved slowly and in our 
hands has not been considered reliable prior to the past three years, 
when our data became sufficiently consistent to report. We have 
discarded most of our work before that time. 

Even before an acceptable method for total base appeared, Van 
Slyke and co-workers filled the only essential remaining gap in anion 
analysis by determining a formula for base bound to protein. It is 
now possible, therefore, to arrive at a fairly accurate picture of the 
total electrolyte distribution in serum. It is proposed in this paper 
to discuss the results obtained by studies carried out on normals and 
patients with pneumonia, nephritic acidosis, nephritic edema, and 
diabetic acidosis. A few observations during diuresis are included. 
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METHODS 

The methods employed are those described in a . previous paper (1). We are 
using the formula for base bound to protein published by Van Slyke and associates 
in 1928 (2). There remain, however, two points to be discussed; first, the tech- 
nique of blood removal, and, second, the limit of error in the methods. 

A tourniquet was used in most instances. The duration of stasis, however, was 
so short that the order of magnitude of the changes caused by it does not approach 
that of the alterations caused by disease. Moreover, 60 cc. of blood were removed 
rapidly through a large needle decreasing thereby still further the possibility of 
changes due to stasis. Table 1 shows, in normals, the negligible effect of a tourni- 
quet properly used. Since the conditions in which we were most interested are 
often associated with an extremely low blood pressure, it is practically impossible 
to draw blood without increasing venous pressure. Also, those particular condi- 
tions are characterized by a concentrated blood, requiring more blood to provide 
the usual amount of serum. Unless the supply of material for analysis is adequate 
for duplicates and provides a slight surplus for accidents, the whole study may be 
wasted; for it must be emphasized that our particular interest is in the balance of 
acid and base as well as in individual ionic variations. Each experiment, there- 
fore, should include a measurement of every component, 

A critical examination of the various methods employed brings greater satisfac- 
tion with the bicarbonate analysis than with any other method. This is accurate 
and reliable to a high degree, both in the mechanical procedures and the calcula- 
tion of resulting milliequivalents. Chloride also causes few misgivings. Phos- 
phate analysis is relatively easy and whatever uncertainty there may be regarding 
calculations is minimized by the small total phosphate content of serum. The high 
percentage of error in sulphate analysis on normal blood becomes insignificant when 
it is recalled that total sulphate is usually less than 1.0 m.Eq. ; as sulphate increases, 
accuracy improves so that high figures can be accepted to within 1.0 m.Eq. We 
find the sulphates important only in renal insufficiency (where they are elevated). 
There are two possible defects in dealing with base bound to protein. The for- 
mulae are based on data so difficult to obtain that they undoubt edy will be altered 
by further study, and the albumin-globulin ratios are, in our hands, unreliable 

determinations. We have assumed Van Slyke’s “normal” ratio (t) for all 

bloods. A maximal and unusual error, such as would occur in a case of renal edema 
with a very abnormal ratio, is 1.0 m.Eq. The influence of clinical changes in 
hydrogen ion concentration is too slight to be significant. A constant pH of 
7.35 is, therefore, assumed. At this reaction the simplified formula is protein 
m.Eq. = P X 2.36 (P = protein per cent of serum). It is safe to say that base 
bound to protein is at the present time the most unreliable estimation on the acid 
side. Base bound to ketones leaves much to be desired in the translation of grams 
per liter to milliequivalents and we offer our figures as approximations only. 
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Total base is a far more important determination than any single acid, because 
as the term implies, it, alone, gives an idea of the amount of base present in the 
serum, and serves the further important function of delimiting the level of total 
electrolytes. It is a treacherous method, requiring constant use of the reagents 
with frequent blanks to prevent occasional errors. No method in clinical chemis- 
try requires more vigilance to makeit acceptable. It is still the weak link in any 
such study as the present one; a fact much under emphasized in the literature of 
this field. The limit of error of the total base method under the best conditions 
is d=2.0 m.Eq., whereas the total error in the various anions is approximately 
±1.7 m.Eq. 

NORMALS 

Table 1 requires no explanation. Attention is called to the rela- 
tively insignificant effect of the tourniquet and to the unimportance 
of brief exercise. Duplicate observations on single individuals within 
a few hours agree in all details. A much larger group would be re- 
quired before one could give reliable averages. The anions need no 
comment. Total base, however, is surprising in its narrow range 
between maximum and minimum (148.4 to 155.1 m.Eq.) and its low 
mean 151.9 m.Eq. For example, Peters, 1926, (3), finds an average of 
155.7 m.Eq. and in 1929, (4), 153.8, and Sunderman, Austin and 
Camac, (1926), (5), give 154.7 m.Eq, Darrow and Hartmann, 1929, 
(6), however, on children and adults find 150.7 m.Eq. The more 
recent results reveal lower rather than higher concentrations. 

Undetermined acid or total base minus total acid (B— A) is low. 
We do not find large quantities of acid that must be called “organic 
acid.” Our usual figures would be covered by the amounts of lactate 
and sulphate normally present in serum (1 to 2 m. Eq.). This differs 
strikingly from the earlier results reported by Peters. Recently he 
gives values for “organic acid” which more nearly resemble ours. This 
difference would seem to be due largely to lower total base concen- 
trations. 


PNEXJMONIA 

The literature on chemical studies in pneumonia, prior to the past 
few years, was well covered by Sunderman, Austin and Camac in 
1926 (5) . The present authors with Loeb and Palmer in 1923 (7) found 
during this disease; (1) decreased chloride; (2) normal bicarbonate; 
(3) low serum protein (by Kjeldahl); (4) decreased freezing point 



TABLE 1 
Normals 
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.tioned above) to account for the striking changes in the blood serum 
occurring in this disease. 

In summary, electrolyte partitions in pneumonia and during con- 
valescence show: 

(1) Decrease in total base, protein, chloride and phosphate with 
slow and roughly parallel return to normal following the crisis. 

(2) No increase in undetermined acid (B — A) at any stage of the 
disease. 

RENAL EDEMA 

Classification of these cases is difficult, but 70979, 81971, 236030 and 
84788 are fairly typical uncomplicated cases of renal edema or ne- 
phrosis; in other words, simple edema without real hypertension, 
vascular changes or decreased general renal function. Case 61957 
probably should not be included because her previous history of acute 
nephritis and death three years later in uremia place her in the group 
currently designated as chronic glomerular nephritis. At the time of 
observation her clinical picture was so similar to nephrosis that we 
included her data in the group. 

The low percentage of protein in renal edema has been recognized 
for years and Epstein’s original conception of its causal relationship is 
more and more widely accepted as new data appear. The low protein 
concentrations to be found in table 3 are consistent with previous work. 

Two frequent but not constant alterations in the electrolyte struc- 
ture appear: first, a decrease in the total base, and second, an eleva- 
tion of chloride. Only one base in ten was above our normal average 
and there were no very high concentrations, such as observed by 
Peters, et al (10) . As their high total base values all occurred before 
1927 it is possible that the difficulties in the method before that 
time may account for the discrepancy. The concentrations of phos- 
phate in our cases were within normal limits. This is the only dis- 
ease in which such high chloride concentrations have been observed 
either individually or in average (105.6 m.Eq.). However, some cases 
have values within normal limits without differing clinically from the 
individuals with high chlorides, nor can one correlate the ordinary 
course of the disease with the electrolyte levels. 

The amount of undetermined acid (B — A) was not abnormal; the 
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very high negative results (i.e,, excess of acid over base) found by 
Peters did not occur in our briefer series. Our cases were in the stage 
of relatively normal general renal function, so that retention of phos- 
phates and sulphates did not appear. The changes, then, that occur 
with simple renal edema are: (1) decreased serum protein, an essen- 
tial and consistent alteration; (2) decreased total base which is usually 
present; and (3) fairly frequent great increases in chlorides, in most 
instances with relative decrease in bicarbonate. The importance of 
salt (NaCl) restriction as a causative factor in decreasing total base 
in these conditions was not studied. The alterations enumerated 
above occur without any abnormalities in the acid base balance of 
the serum and without the slightest relationship to the amount of 
edema (excepting, of course, the constant parallelism between edema 
and serum protein content). 

An attempt to interpret from available serum analyses the nonpro- 
tein factors influencing renal edema, leads at once to the opinion that 
chloride retention is the most striking and important variation. Not 
only is the chloride ion increased, but the response to introduction of 
chloride in any form is a striking elevation of the chloride concentra- 
tion of the serum (except when vigorous diuresis occurs). The auth- 
ors with Palmer and Loeb (11) in 1923, administered NaCl to a pa- 
tient suffering from renal edema; Linder, in 1926, (12) gave HCl; and 
Peters and co-workers, in 1929 (loc. cit.), gave NH4CI, all results 
agreeing in that extraordinary increases of serum chloride were ob- 
served. Albright and Bauer (13) have recently published a careful 
study of the eflfect of NaCl, NH4CI, and NaHCOa ingestion in a case 
of neplurosis. NaCl dosage increased both serum base and chloride, 
whereas NH4CI, causing a diuresis, decreased them. On the other 
hand, urine studies and clinical observation point to base difficulties. 
Linder, for example, made the significant observation (in one case) 
that, whereas normal individuals respond to administration of HCl 
by increased excretion of BCl and NH4CI, the hydremic nephritic 
responds by increased elimination of NH4CI, holding back base while 
excreting chloride. This result, together with the well-known clinical 
difference between the effects of NaCl and NH4CI administration, indi- 
cates that it is impossible from serum studies alone, no matter how com- 
plete they may be, to affirm or deny the truth of the current hypothesis 



table 3 

Rend edema {nephrosis) 




December 20, 1929 236030 5 33 3.6147.3 143.5 3.8 102.0 30.9 2.0 8.6+++ A girl of 23 with 7 weeks’ history 

January 6, 1930 Female 35 4.2147.4141.9 5.5 100.8 28.5 2.8 9.8+++ of edema; without hypertension; 

February 7, 1930 46 4.2139.9138.8 1.1 96.6 29.8 2.4 10.0 +++ excessive albuminuria^ good gen- 
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attributing importance to sodium in the production of edema (Blum). 
Base and acid balance studies are very difficult in any patient, but 
particularly so with the albuminous urine of nephrosis; such an ap- 
proach, however, seems of prime importance. 

The effect of a low value for serum protein on the distribution of 
chlorides between blood stream and tissue spaces according to the 
Donnan equilibrium, is not negligible and would tend to increase 
serum chlorides; it would also cause a greater elevation of serum chlo- 
ride if chloride intake were increased. This, of course, is dependent 
on the fact that the greater the difference between serum protein and 
tissue fluid protein, the greater is the excess of chloride in the latter 
fluid over that in the corresponding serum. Therefore, the closer 
the two protein concentrations approach each other (i.e., as serum 
protein decreases or tissue fluid protein increases) the higher will be 
the serum chloride level without any increase in total body chloride. 
Moreover, the addition of a definite amount of BCl to the body in 
such cases woffid produce, ceteris paribus, relatively higher increases 
in serum figures than would similar amounts in normals. This 
factor may explain in part the unusual serum chloride results in 
nephrosis where the concentration of serum protein is consistently 
low. 

Blood volume studies in renal edema would supply a needed factor 
for proper understanding of the fluid and electrolyte changes. Bock, 
in 1921 (14) followed blood volume during diuresis in cardiac and renal 
edema, and discovered that the nephritic patient lost plasma volume 
and body weight proportionately so that there was no change in the 

ratio xiie cardiac case, however, maintained his 

body weight 

plasma volume practically constant with a striking increase in plasma 
volume per kilo. This may indicate that all body fluids are equally 
involved in the disturbance of water balance in the true edematous 
nephritic, whereas the edema of vascular stasis involves mainly the 
tissues. 

DIURESIS 

In the papers with Loeb and Palmer, cited above, we called atten- 
tion to a change in the relationship between the chloride and bicar- 



TABLE 4 
Diuresis 
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bonate concentrations following cardiac diuresis. This consisted of 
a striking decrease in the former with a coincident increase in bicar- 
‘ bonate. Because of the constancy of conductivity it was assumed 
that no appreciable change in total electrolytes took place, and the 
lack of variation in the serum protein made great changes in dilution 
unlikely. We have repeated this observation with a complete elec- 
trolyte partition in case 65651 (table 4). A drop of 10.6 m.Eq. in 
chloride was accompanied by an increase of 7.5 m.Eq. in bicarbonate 
and 1.1 m.Eq. in protein, but base remained constant, i.e., total elec- 
trolytes did not change. The decrease in chlorides paralleled loss of 
edema more obviously than did fixed base. In the previous section 
it was seen that chloride was often elevated in renal edema; here, as 
cardiac edema disappears, the concentration of this ion falls. 

Two other cases are reported in table 4 showing less striking changes 
with diuresis. 


NEPHRITIC ACIDOSIS 

Acidosis in nephritis was first observed by von Jaksch (15) in 1888. 
By titrating whole blood he discovered an “Alkalescenz” of 24 to 40 
mgm. of NaOH per 100 cc. in uremia as compared to 250 to 300 mgm. 
in normals. Frequent confirmation since that date has left no doubt 
as to the relative accuracy of this early work. The first satisfactory 
hypothesis of the mechanism of nephritic acidosis was offered by 
Sellards (16) in 1914. He suggested that there is a “very gradual 
decrease in the excretion of acid in the urine and a corresponding 
reduction of carbonates in the blood corresponding to the amount of 
acid salts which are suppressed.” At about the same time Palmer 
and Henderson (17) observed that a discrepancy in the usual relation 
between ammonia excretion and urinary acidity occurred in nephritic 
acidosis; this discrepancy lay in the relatively small amount of am- 
monia excreted as the urine became more acid. Since it has been 
shown that ammonia formation probably occurs in the kidney, their 
findings are easily explained, and impaired ammonia formation takes 
its place as one of the important factors in renal acidosis, 

Sellard’s hypothesis received further support when it was discovered 
that phosphate (Marriott (18) ) and sulphate (Loeb and Benedict, 
1927 (19)) retention occurred in uremia; the total electrolyte dis- 
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tribution, however, had not been investigated. Peters and his co- 
workers in 1923 did partial partitions of serum electrolytes in uremia 
and attributed acidosis to: (1) a reduction in total base, and (2) an 
increase in undetermined acids which he believed included a '^marked 
increase in organic acids.” The au^ors (1) in 1927 studied the effect 
of complete urinary retention in dogs by ligation of the ureters, demon- 
strating that in this simple experiment, phosphate and sulphate 
represent the entire increase in ''undetermined acids” and easily 
account for the acidosis of this condition. 

Hartmann and Harrow (20) in an excellent study in 1928 also 
observed low base levels in chronic nephritis. They explained this 
loss on the basis of (1) the work of Linder (loc. cit.) (12) and others 
who have shown that the damaged kidney cannot normally conserve 
base by ammonia formation; and (2) the loss of BCl due to the poly- 
uria of advanced nephritis. The first suggestion seems to require no 
further support but the second, while attractive, remains to be proved 
experimentally. As a matter of fact it is the inability of the kidney 
to save base that makes the polyuria significant for it can be seen in 
the data presented under “diuresis” tliat large loss of body fluids 
through normal kidneys can occur with considerable decrease in serum 
chloride and yet no change in total base. Hartmann and Harrow 
believe that phosphate and sulphate account for the increase in unde- 
termined acids. They found lactic acid to be unimportant except 
during convulsions, and ketones to be negligible. 

^lore recently Peters, 1929, (4) reaffirmed his conclusions of 1923, 
offering the additional suggestion that ketosis due to starvation may 
be an important factor and further states (p. 529) that “sulphate 
accumulations must play a comparatively minor rdle in the production 
of the acidosis of nephritis.” The dependence of phosphate and sul- 
phate retention upon renal insufficiency could be proved only by 
successful studies of renal physiology, but the fact remains that many 
observers have found a fairly consistent relationship between severe 
kidney damage and phosphate and sulphate retention. At least one 
investigation (Boyd, et al. (21) ) demonstrated increased blood phos- 
phates in those cases where urine phosphate excretion was strikingly 
decreased. 

As Peters and co-workers were unable to include sulphate and kc- 



table 5 

Nephritic acidosis 
Serum 
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104.4 20.6 4.8 12.0 3.4 0 0 Undernourished woman of 33 

with 4 years of edema — 



























282 


SERUM ELECTROLYTE STUDIES 


tone analyses, we wish to present a group of cases studied during the 
past three years in whom sulphates and ketones were determined. 
Table 5 presents ten observations on seven cases of terminal uremia. 

As a group these electrolyte studies show general characteristics 
similar to those that have been discussed above. Total base is below 
normal in all but one instance, and it is not possible with our cases to 
correlate this reduction with the vomiting, for it occurred even in the 
absence of this complication. Nor is it coincident with loss of chloride, 
as is shown by cases 80644 and 80139 who had normal chlorides and 
low total bases. Again, bicarbonate loss is obviously not the deter- 
mining factor as can be seen in case 69185. Comparing total base 
with chloride plus bicarbonate shows equally inconsistent relationships. 
Case 80644 illustrates very clearly the inability of certain uremic 
individuals to conserve base in the presence of polyuria. Between 
the first two observations, the fluid intake was high and the resulting 
polyuria was followed by a decrease in base of 5.1 m.Eq. and in chlo- 
ride of 15.4 m.Eq. In spite of these changes and in the presence of 
excessive water elimination through the kidneys, phosphate and sul- 
phate concentrations steadily increased. This observation is con- 
trary to the results of Denis and Reed (22) who noted in nephritic 
dogs a rapid drop of sulphate levels during diuresis. 

On the acid side the effects of uremia are more varied and compli- 
cated. In the first place, it is obvious that ketones are quantitatively 
of no significance, even in the presence of excessive vomiting; in the 
second place, the importance of phosphate and sulphate retention is 
equally clear. It would be futile to insist, from our data, that sul- 
phate and phosphate retention is the primary mechanism. The pic- 
ture is too complicated and the physiological background too obscure. 
However, in a similar situation, i.e., in dogs with ligated ureters, the 
authors (loc. cit.) have shown that sulphate and phosphate accumulate 
with no apparent chaimel for chloride loss. There was no urine, of 
course, and a negligible chloride content in the vomitus. It would 
seem that there, at least, was a simple displacement of bicarbonate 
and chloride by retained acids, a relationship that might be carried 
over by analogy to the present data. To be sure, in uremia other 
factors complicate the picture, as has already been noted. 

The effect of vomiting on chloride loss is most apparent in cases 
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80644 and 61985, who, when vomiting excessively, showed the lowest 
chloride concentration of the series. In case 80644 this complication 
became so pronounced that true tetany with alkalosis occurred at a 
time when the creatinine was 29 mgm. per 100 cc. We have never, 
hitherto, observed tetany in uremic patients except after administra- 
tion of bicarbonate, to which they react with unusual promptness. 
It is unfortunate that we did not investigate lactic acid and ketones in 
case 69185, for they might together have made up the uncommonly 
high ^^undetermined acids.” 

It can readily be seen that there is, in most instances, little dis- 
crepancy between total base and total acid when sulphate studies are 
included. B — A is slightly higher in this group than in normals, but 
the assumed pH tends to be more incorrect and, therefore, the calcu- 
lation of phosphate and protein is less certain, altogether making a 
limit of error close to the differences found. Even these differences 
might be cut down by the inclusion of lactate analyses. Hence the 
presence of other organic acid is not established by the data in table 5. 

In summary, the essential disturbances of the electrolytes in uremia 
are: (l) decrease in total electrolytes; (2) decrease in total base due 
in part, at least, to defective base conservation by the kidney and, 
occasionally, to vomiting; (3) accumulation of phosphate and sulphate, 
due presumably to renal insufficiency; (4) decrease in chloride, related 
at times to vomiting, but still incompletely explained; (5) decrease in 
bicarbonate due to retention of inorganic acids (sulphate and phos- 
phate). 

DIABETIC ACIDOSIS 

Peters and his associates in 1925, (23) published the first analysis 
of the factors producing serum electrolyte changes in diabetic acidosis. 
The validity of their hypotheses has received support by later and 
more complete analytical data. Peters called attention to: (1) loss 
of water, because of glycosuric polyuria, base excretion and vomiting; 

(2) loss of base bound to ketones and thus e.xcreted in the urine; and 

(3) availability of base released from chloride for ketone neutraliza- 
tion. There results, therefrom, a state of dehydration and salt de- 
pletion, as w'ell as acidosis. 

Hartmann and Harrow, in 1928 (24), studied diabetic addosis in 



SERUM ELECTROLYTE STUDIES 


O 'O (M 

lO 




^0^0 

T*c CM VO C»- 

O CO 

CO to 

CM >r-4 < 

1—1 1—1 1— 1 t-H 

fv- 'O ^ 

CO CM 

O CM 

O O -tH CM 

fv. 


CM CO ■<-» 

O to CM 

lO GO OO 

CO 00 Tji 

T-l CM 

1-1 CM CM CM 

O Tf< VO 

rt< O CM CM 

CO CO 

C— 1^ CO VO 

Ov O On 

1 On On OV ON 



CO TfC 1-1 

' to ^ Ov C- 

lO o CM 

1 1 i 

fO ro fO 











oo 


to 

CO 

CM 


oo' 

d 

CO 

to 

to 

Tic 




^ OO o 


\0 tr^ Oi in 

CQ CO rf* 





cot^oo OOCOVO^O thO\ lOO' 

OOiOt^ lOlO 000 t^o 


O O 

rt» CM CS 


+ ^ 
o\ CO 

CM 0^0 



CA p H 

CO C? ^4) 
o iZi 


rt c3 S 


CM CM 

* - o\ o\ 

O ▼-< 




oo cO 

CM CM 
CM CM 0\ 0\ 
0 \ C\ •*-( 'i-t 

«~4 ^ M 

»> - CO 

fO VO CM CM 


















































































































DANA Vr, ATCHLEY AND ETHEL M. BENEDICT 


285 


children, and observed dehydration, loss of base and chloride. Most 
of their observations do not include complete electrolyte partitions. 

In a group of 9 cases, we have been able to make more comprehensive 
analyses than hitherto reported. The determinations are found in 
table 6 and the case summaries are reported in the Appendix. In four 
cases ketones were directly measured but in the others they are found 
as part of B — A. Certain aspects peculiar to individual cases should 
be mentioned before engaging in general discussion. 

The episode in case 54592 was extremely simple j no acute infection, 
very little vomiting and prompt recovery. At the end of the period 
there was no dehydration and the blood contained no ketones. The 
fact that the blood ketone figure was high enough to cause a negative 
B — A indicates clearly that it should be corrected downward at 
least 4.0 m.Eq., for we have already pointed out the inaccuracy of the 







Ketone^' 


o/ 

S16 normaU 

(Diabetic Acidosis 
case 3 




tpo 



Fxc. 6— Case 63959 


calculation of m.Eq. from grams per liter of ketones. However, 
assuming 11.0 m.Eq. of ketones, there is a total anion drop in the 24 
hours of 17.7 m.Eq. with only 8.8 m.Eq. of the liberated base forming 
bicarbonate; there was, therefore, a large loss of fixed base (8.8 m.Eq. 
as determined). There was no vomiting to explain this loss. Hence, 
it seems probable that the decrease in serum base represents base 
bound to ketones and excreted in the urine. Diuresis with extensive 
urinary elimination of ketones did occur. From the serum studies 
alone one can suggest that the disappearance of ketones was due, in 
part, to o.xidation and, in part, to excretion. This patient obviously 
had too little NaCl in the course of treatment. 

Case 62918 show's the extraordinary degree to which decrease of 
base, chloride and bicarbonate can occur wnth dehydration, the latter 
being indicated by a liigh protein per cent. Persistent vomiting 
played a major r61c here in the loss of BCl. 
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Case 65967 requires no special comment other than to note the 
effect of treatment in maintaining satisfactory levels of base and 
chloride. She died of shock. In both this case and in case 62918 the 
striking increase in B - A probably indicates the extent of the 
ketonemia. 

No case except 58570 had a normal chloride at the onset; in this 
patient it was slightly above normal. As far as we know there had 
been no therapy that would explain this. After vigorous treatment 
the blood returned to a fairly normal level with a drop in Cl. The 
value for total base 3 days later was so out of line with the constant 
results for the other electrolytes that there appeared to have been an 
error in the measurement. 

Case 66489 requires little comment except to observe that the ad- 
ministration of bicarbonate between the first and second samples in- 
creased the bicarbonate to some extent at the expense of chloride. 

The low base concentration after treatment and after a very brief 
period of vomiting is noteworthy in Case 61945. This boy vomited 
only 12 hours and was then given vigorous and proper treatment with 
clinical recovery at a time when his total base was 128.8 m.Eq., al- 
though his blood contained practically no ketones. 

Case 63959 was severely dehydrated with very low bicarbonate and 
chloride and high blood ketones. Base, however, in spite of these 
extensive alterations was less reduced than usual. Twenty-four hours 
of energetic treatment removed ketones and readjusted the electro- 
lytes to a normal pattern. 

Case 65330 illustrates the importance of shock in diabetic acidosis 
and its independence of ketones. This boy was near death from vaso- 
motor collapse at a time when there was a relatively low concentration 
of ketones in the blood. About 24 hours later he grew worse again 
with a blood CO 2 that was not in the dangerous zone. Tremendous 
dehydration and salt depletion are apparent in the first analyses, 
inaccurate though they may be. (See appendix.) 

Strenuous treatment in case 74710 resulted in overreaching the 
electrolyte needs, as shown by an abnormally high base and chloride 
in the last study. This treatment was necessary in order to combat 
shock, which was a very serious complication here. It shows, how- 
ever, that it is possible correctly to readjust the electrolyte pattern 
by means of active therapy. 
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The mechanism of diabetic acidosis probably proceeds somewhat as 
follows. First, there is a production of ketone acids in a patient with 
already low electrolyte levels ‘(due to decreased base and chloride). 
These acids take base from bicarbonate with loss of CO 2 through the 
lungs. At the same time, ammonia formation in the kidneys fur- 
nishes base for the elimination of ketones in the urine, although evi- 
dence increasingly emphasizes the ready availability of fixed base, 
even before ammonia. Increased water flow through the kidneys 
due to glycosuria may be of some assistance in the elimination of 
ketones at this stage. 

Large quantities of ketones with fixed base as the cation appear in 
the urine, and salt depletion is further enhanced by the almost simul- 
taneous appearance of vomiting which means loss of base, chloride and 
water. The final effect is a dehydrated blood, low in total base, 
chloride and bicarbonate, and high in ketones. 

The dehydration causes a drop in blood volume with consequent 
decrease in blood pressure. Whether ketones themselves are vascu- 
lar poisons and contribute thus to shock is not certain. At any rate 
vasomotor collapse appears regularly. The fall in blood pressure 
plus the increased osmotic pressure of the dehydrated serum (due to 
the rise in protein per cent) interferes greatly with renal function as 
the consistently increased nonprotein nitrogen seems to confirm. 
When anuria occurs one of the most important protective mechanisms 
fails so that the disturbances are even more pronounced and a vicious 
circle is initiated. 

Retracing these steps therapeutically, the indications are: (1) 
restoration of blood volume and normal dilution by salt solution, if 
possible, and transfusion, if necessary (but by the intravenous route 
exclusively until blood pressure is normal); (2) replacement of base, 
chloride and, to a lesser degree, bicarbonate by intravenous intro- 
duction; and (3) interruption of ketone formation by glucose and in- 
sulin administration. 


GENEILVL DISCUSSION 

The accumulation of data concerning scrum electrolytes has reached 
a stage where certain simple generalizations are justified. 

In the first place, the total concentration of ions is far less constant 
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than some earlier writers believed. Under a variety of conditions 
the levels are greatly lowered, (15 to 30 m.Eq.) but very rarely indeed 
in disease is there an elevation. Work by Bock (25) on fatigue and 
work from this laboratory (in press) on histamine shock demonstrate 
increase in serum fixed base as part of the response to lactic acid acido- 
sis. Apparently the electrolyte concentration does not determine the 
water content of the serum, for within the relatively wide limits com- 
patible with ceU survival, water and electrolytes vary independently 
as various influences bear upon them. It is interesting that clinical 
recovery does not necessarily parallel the return of the electrolytes to 
normal. 

Total base is very constant in casual studies of normals, but there 
are no satisfactory data as to the response to variations in diet or fluid 
intake. Most disease conditions studied to date cause a decrease in 
base if they influence it at all. This decrease is ordinarily dependent 
on cation loss in vomitus or urine. One is increasingly impressed by 
the ease with which fixed base is mobilized for urinary secretion under 
acid stress. In fact, some work suggests that it is a more mobile 
agent than ammonia formation (Odin, (26) and unpublished workof 
the authors). Base loss in diarrhea has not been included in this 
series but is well established as part of the pathological physiology of 
the cations. Although hypotheses as to the usefulness of fixed base 
in acidosis have become certainties, the complete mystery of the base 
changes in pneumonia indicates one of the many opportunities for 
further work in this field. 

It seems clear that normal serum has no quantitatively significant 
acids other than chlorides, bicarbonate, phosphate and protein. Or- 
ganic acids and sulphates are rarely more than 1 or 2 miUiequivalents. 
It seems equally certain that in the disease conditions hitherto sub- 
jected to this type of scrutiny no discrepancy between total base and 
total acid has been found when sulphate, ketone and lactate analyses 
were included. The importance of complete electrolyte partitions 
consistently performed is apparent. Conclusions independent of 
such completeness are subject to errors even greater than those indig- 
enous to aU biological research. 

When base is needed to neutralize acids pathologically present, 
bicarbonate offers it most readily but chloride takes an important part 



DANA W. ATCHLEY AND ETHEL U. BENEDICT 


289 


when the load becomes heavy. It may even give up more base than 
does bicarbonate. There is an inconstant reciprocal relationship 
between chloride and bicarbonate; occasionally when chloride de- 
creases, as in diuresis, bicarbonate fills the gap, but the reverse has 
not been observed, due probably to the lack of an analogous drop in 
bicarbonate. 

The mechanisms which produce the changes in serum electrolytes 
found in diabetic and nephritic acidosis are relatively well understood 
and bear a consistent relationship to one another. Much has been 
accomplished there. But an understanding of the relation of edema 
and water balance to the electrolyte metabolism or an interpretation 
of the changes found in nephrosis, for example, are impossible with 
the evidence at hand. 


SUMMARY 

Serum electrolyte partitions have been made in normals, in pneu- 
monia, during cardiac diuresis, in nephritic edema (nephrosis) and in 
nephritic and diabetic acidosis. The accuracy and reliability of the 
various methods have been discussed. The so-called ^'undetermined 
acids’* sink to negfigible figures if bicarbonate, chloride, protein, phos- 
phate, sulphate and ketones are estimated in these conditions. 

The mean total base of IS determinations on normals is 151.9 m.Eq. 
and the total acid 151.7 m.Eq. Organic acids and sulphates are 
present in such small quantities as to be entirely unimportant. 

In pneumonia there is a decrease in total base, chloride, phosphate 
and protein 'with a very slow and roughly parallel return to normal 
after the crisis. These changes received no elucidation from our data. 
There is no increase in undetermined acid. 

Patients with renal edema showed invariably a low protein per cent 
and usually a low fixed base. Serum chlorides were often very high 
and increased as the result of chloride administration more strikingly 
than normals. A partial explanation of the behavior of the chlorides 
is offered by citing the effect of a decreased serum protein upon the 
Donnan equilibrium between serum and the fluids in tissue spaces. 

Studies of diuresis in cardiac patients demonstrated Uie ability of 
the body to eliminate large amounts of chloride and water without 
parallel decrease in total base. 
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The acidosis of advanced nephritis was followed in several cases and 
the factors chiefly responsible seem to be: (1) decrease in total base 
dependent on loss of the base-conserving power of the kidney due to 
failure of ammonia formation; and (2) retention of phosphate and 
sulphate because of renal insufficiency. No significant ketosis was 
observed. BCl is a valuable source of base for neutralizing retained 
acids. 

Observations on a group of patients suffering from severe diabetic 
acidosis showed: (1) dehydration with high serum protein; (2) loss of 
base, due probably to urinary excretion in combination with ketones; 
(3) great drop in bicarbonate dependent on neutralization of ketones; 
and (4) decrease in serum chlorides dependent in part on vomiting, but 
nevertheless a real aid in furnishing base for ketones. Shock plays 
an extraordinarily important role in treatment and prognosis. A 
return of total base to normal is not necessarily parallel to the clinical 
recovery. 
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APPENDIX 

Case 54592 was a man of 32, with diabetes of four years’ duration. He was on 
a self-regulated dose of 60 units of insulin, but because of 2 severe shocks suddenly 
stopped all insulin. After one day of eating, without insulin, he began to vomit 
and was admitted at once to the hospital on the morning of April 22. He was 
dyspneic but not in coma. Blood was removed before any treatment. Between 
the initial sample and the second one, 20 hours later, he did not vomit and received 
3000 cc. of fluids and 4 grams NaCl. During the same period he had a striking 
diuresis. Urine was free from ketones at the end of the period. 

Case 62918 was a woman who had had diabetes for about 2 years. She was 
followed in the Out-Patient Department on a diet of C. 250; P. 70; F. 80 with 77 
units of insulin. She had disappeared from the Clinic for 5 months before ad- 
mission. On March 20 she had “grippe” mildly; on the evening of March 27 she 
began to vomit, which continued to admission; on March 30 she became hyper- 
pneic and drowsy and was admitted to the hospital. Her “acidosis chart” was 
lost from the history so accurate data are unavailable. Her blood pressure dropped 
and she died in 10 hours 

Case 65967 was a woman of 68 who had had diabetes for 12 years treated with 
casual dietary restriction. For 4 months there had been weakness and dyspnea on 
exertion, treated with digitalis by her local physician. For 2 weeks before admission 
she had been eating unusual quantities of rye bread and cream. About 12 hours 
before admission, on May 31st, she developed abdominal pain and vomiting, the 
latter continuing to her hospital entry. Her condition was poor on admission and 
her blood pressure continued dropping imtil death, at 9:20 p.m. June 1, 3 hours 
after the sample of blood was obtained. She received 3500 cc. of salt solution 
and 2500 cc. of 5 per cent glucose solution by vein or clysis in the approximately 
36 hours between admission and removal of the blood sample. Cardiac failure 
may have played a role in her death, although it was due largely to shock. 

Case 58570 was a woman of 40 who had had diabetes for 4 years, with varying 
tolerance but good general health. Four days before admission she caught cold, 
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lost her appetite and ate nothing for three days, taking no insulin. The day before 
admission she vomited and became gradually worse, arriving at the hospital 
January 1st in coma. Blood was taken before any therapy. She responded 
quickly to treatment with insulin, bicarbonate, salt solution and glucose, byclysis, 
vein and mouth. Her blood pressure was normal. When the second specimen 
was removed 23 hours later she was conscious, and voiding well and her urine was 
practically free from ketones. She was edematous at that time; on January 7 she 
was quite normal. 

Case 65330 was a diabetic boy of 16 who had been progressing satisfactorily for 
three years on diet and insulin. On March IS he had an upper respiratory infec- 
tion; on March 20th he stopped insulin and began to vomit. He had diplopia, 
was thirsty and drowsy. On the 21st he was worse and entered the hospital at 
4 p.m., pale, dehydrated, and hyperpneic. He was given insulin, and glucose and 
water by mouth and rectum. He improved at once but soon vomited again and 
became worse. His stomach was lavaged and 10 per cent glucose was given by 
clysis twice during the night. He became steadily worse, continued to vomit and 
early in the morning of Alarch 22nd his blood pressure was 70/40; he was anuric 
and in shock. 500 cc. of normal saline and coffee by rectum helped but little. 
At noon a transfusion of 300 cc. of blood was given (the first sample in table 6 was 
taken just before it). In an hour the blood pressure was 90/60 and 120 cc, of 
urine was obtained which, on analysis, showed much albumin but very little of 
ketones. Salt solution by vein and rectum was continued and the boy improved 
until the afternoon of the following day, March 23, when he vomited, his blood 
pressure fell to S6 (blood CO 2 was 30.9 volumes per cent) and he grew drowsy. 
Intravenous saline brought his blood pressure up again and his improvement was 
steady thereafter. The second blood was taken after he w'as much improved. 
The third specimen was during a period of entire normality (except his diabetes) 
a month later. The data obtained on March 22nd are probably rather inaccurate 
due to poor technique in removing blood. The patient was so critically ill that it 
was impossible to prevent exposure to the air and a very small amount was ob- 
tained, quite insufficient for the usual duplicates. 

Case 664S9 was a diabetic girl of 22 who had been under treatment for 8 months. 
For six weeks she had been substituting a patent medicine for part or all of her 
insulin. Three days before admission she felt ill and took a purge; the following 
day she began to vomit. The next day she went into coma (no other details are 
available), and in the evening arrived at the hospital completely unconscious, 
hyperpneic, but not vomiting. Between admission and her first blood sample she 
received about 3700 cc. of ffuids by moutli, 1000 cc. of 5 per cent glucose and 500 
cc.ofsalincby vein. Between tlie first and second samples 2 hours elapsed during 
which 15 grams of bicarbonate were given intravenously. No ketones were c.x- 
creted during that time. The third and fourth determinations were done at a 
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time when the patient had developed bronchopneumonia and pyelitis. Later, 
abscess of the lung and suppurative pleurisy caused her death on April 30, 

Case 61945 was a 14 year old boy satisfactorily treated for diabetes over a period 
of three years. His diet was C. 200 P. 80 F. 130 and insulin 80 units. The day 
of admission (June 2) he awoke vomiting and continued aU day without insulin or 
food. At 8 p.m. his CO 2 was 23 volumes per cent. He was given intravenous 
bicarbonate and saline, with the usual insulin and glucose. When blood was taken 
the next morning he was decidedly better and on June 6 he was quite well except 
for some glycosuria. 

Case 63959 was a girl of 16 who had been successfully treated (with insulin) 
over a period of 3 years on a diet of C. 160 P. 65 F. 100. The day before admission 
she began to vomit, insulin was decreased and by afternoon of the day of admission 
(June 27) she was in coma. Blood was taken before therapy was started. Be- 
tween the initial and final observations she had 1500 cc. of saline and 1500 cc. of 
5 per cent glucose intravenously, 1000 cc. of saline subcutaneously and 1100 cc. 
of fluid by mouth; she was symptom-free and the urine was negative for ketones 
at the second study. Her blood pressure was always normal. 

Case 74710 was a woman of 48 who came into the hospital late on September 26 
for vomiting and was found to have diabetes; she went rapidly into coma and shock 
(blood pressure 88/58). There was no apparent precipitating factor. Blood was 
taken before treatment. Between the first and second samples she received 
approximately 800 cc. of whole blood and 3000 cc. of fluid intravenously, including 
20 grams of bicarbonate and 36.4 grams of NaCL She was much improved but 
the urine still showed large amounts of ketones. 

Case 69185 was a woman of 38 with a history of toxemia of pregnancy. Four- 
teen years previously she had had headaches, ankle edema and dyspnea on exertion 
for 8 months with, more recently, blurring of vision, drowsiness and vomiting. 
Blood pressure 175/95, heavy albuminuria, normal fundi, oliguria persistently 
(250-500 cc.). She vomited large amounts constantly. She received infusions 
as follows: 

July 2, 1928, 1000 cc. of 10 per cent glucose. 

July 3, 1928, 1000 cc. of 5 per cent glucose and normal saline. 

July 4, 1928, 1000 cc. of 5 per cent glucose and normal saline. 

July 11, 1928, 1000 cc. of 10 per cent glucose. 

July 12, 1928, 500 cc. of 10 per cent glucose. 

July 23, 1928, 400 cc. of 10 per cent glucose and 200 cc. normal saline. 

July 24, 1928, 500 cc. of 10 per cent glucose. 

July 27, 1928, 1000 cc. of normal salt and 30 cc. of 50 per cent glucose. 

She developed tetany on July 29 and died in coma on July 31. 
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The significance of the liver, as tlie largest glandular organ in the 
body, and its paramount importance in certain phases of intermediary 
metabolism, contrasts strangely with the paucity of knowledge, at 
least in man, concerning its secretion, the bile. The characteristic 
biliary constituents, bilirubin, the bile adds and cholesterol have been 
isolated and identified chemically. Experimental work on animals, 
especially on dogs with permanent biliary fistulas, has indicated the 
multiplicity of factors, such as diet, dimate, fasting, various chemical 
poisons, infections and exercise, which may affect either the volume 
or composition of the bile. In this connection, the earlier work of 
Bidder and Schmidt (1852), and of Stadelmann (1891, 1896) and, in 
recent years, that of Whipple (1922) and Rous (1925) and their 
collaborators has been of fundamental significance. 

As a result of these studies it is now recognized that there may be 
great variations in the flow of bile from day to day. The secretion of 
bile pigment, on the other hand, continues at a fairly constant rate 
except for changes due to hemorrhage, anemia or other disturances in 
the metabolism of the blood pigments. In consequence, the concen- 
trations of the bile pigments lends to vary inversely with the volume 
of the bile, and McM aster, Broun and Rous (1923), and Greene and 
Snell (1928) have emphasized the extreme variations in concentration 
wliich occasionally may be found. The intimate relation between 
the diet and the excretion of cholesterol in the bile has recently been 
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• Fellow in Surgery, TIjc Mayo Foundation. 

295 


isie joensAi. or ii-rjuAnos, vou ix, so. 2 



296 


COMPOSITION OP THE BILE 


commented on by McNee (1914) and by McMaster (1924), Several 
factors combine to determine the excretion of bile acids: (1) an endo- 
genous factor responsible for the relatively constant excretion of bile 
acids in the fasting dog which may possibly be related to the metab- 
olism of body protein; (2) an exogenous factor, determined by the 
diet and especially concerned with the amount and character of the 
protein therein, and (3) an intestinal factor as a result of the absorp- 
tion of bile acids from the bowel, with the resultant establishment of 
the enterohepatic circulation originally postulated by Schiff (1870); 
this intestinal factor is further modified as a result of changes in the 
intestinal flora and variations in the destruction of bile acids by bac- 
terial action. The functional state of the hepatic cells must also be 
taken into consideration, for changes in the functional efficiency of 
the liver as a result of the production of an Eck fistula, cholangitis, 
or the administration of hepatic toxins, such as chloroform or phos- 
phorus have a profound influence on the excretion of the bile acids. 
Greene and Snell (1928) found the variation in the attainable con- 
centration of bile acids in the bile to be relatively slight, at least when 
compared to the observed variations in the concentration of bilirubin. 
Under some conditions, therefore, the volume of the biliary output 
may be deter mi ned by the excretion of the bile acids, although this 
relation does not always hold and the two may be entirely independent 
the one of the other. 

Direct evidence regarding the secretion of bile in normal men, and 
the modifications accompanying disease, is lacking. The greater part 
of the available data is concerned with the composition of bile from 
the gallbladder but because of the concentrating action of that viscus 
such analyses do not indicate the composition of the bile as initially 
formed in the liver. Similar criticisms apply to the studies of Rosen- 
thal and von Falkenhausen (1923), and of McClure (1925) and his 
associates, who used the material obtained by duodenal drainage. 
Apart from the uncertainty, as to how far the duodenal content is 
representative of the hepatic secretion, there is further difficulty in 
that only the concentration, and not the total amoimt of the different 
biliary constituents, is determinable. Numerous studies have been 
made of bile obtained from patients with permanent biliary fistulas. 
Unfortunately, the majority of such investigations was made before 
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the development of adequate analytic methods and so were concerned 
chiefly with the changes in the volume and total solids present in the 
bile. 

More recently von Czyhlarz, Fuchs and von Fiirth (1913), Chabrol, 
Benard and Bariety (1926), and Rosenthal, von Falkenhausen and 
Freund (1926) have reported single cases or small groups of cases in 
which the composition of the bile has been carefully studied during 
the first few days after cholecystectomy and drainage of the common 
bile duct. We wish to report the changes in an additional series of nine 
cases. Such cases afford an opportunity to study the effect of biliary 
obstruction on the secretion of bile and the return toward normal 
following relief of the obstruction. It is possible, in consequence, to 
compare the changes observed clinically in patients with those in dogs 
reported by McMaster, Broun and Rous (1923) followng temporary 
occlusion of a permanent biliary fistula. Furthermore, the differences 
in the response of the different cases afford additional light on the 
disturbances in the functional activity of the liver as a result of biliary 
obstruction or infection. 

DETAILS OF INVESTIGATION 

The drainage of bile from the gallbladder or common bile duct, 
subsequent to the relief of biliary obstruction, was studied in nine cases. 
Details regarding the clinical histories of certain of these cases are 
given elsewhere (26). The methods of analysis were those used in 
previous studies of this series: the method of Greene, Snell and Wal- 
ters (1925) for bilirubin; of Aldrich and Bledsoe (1928) for bile acids; 
of Van Slyke (10) for chlorides, and of Van Slyke and Cullen (10) 
for urea. The data obtained in the different cases are given in the 
accompanying tables. It is recognized that the collection of bile from 
a drainage tube inserted in the gallbladder or common bile duct is not 
always complete. In the present series the analyis of bile was con- 
tinued during the whole period of observation but the tables include 
only the data obtained during the period when the collection \vas ap- 
parently complete. For purposes of study the cases have been divided 
into three groups. 

Croup L Tables 1, 2 and 3, and figure 1/1 comprise three cases of 
chronic cholecystitis with stone in the common bile duct. In these 
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cases, the histories were of typical, intermittent biliary obstruction, 
with mild degrees of jaundice. The liver was apparently normal at 
the time of operation. Cholecystectomy, choledocholithotomy and 
choledochostomy were performed in all, and the postoperative course 
was uneventful. 

Group 2. Tables 4, 5 and 6 and figure IB contain three cases. 
One patient had chronic cholangitis, biliary obstruction and a conse- 
quent obstructive type of biliary cirrhosis; a T-tube was inserted in 
the common bile duct. Another patient had chronic cholecystitis 
with stones, a stone in the common bile duct, and considerable biliary 
cirrhosis; a T-tube was inserted in the common bile duct after removal 
of the stone. The third patient had complete biliary obstruction due 
to carcinoma of the head of the pancreas, but also had cirrhotic 
changes in the liver in consequence of the obstruction; cholecystos- 
tomy, as a preliminary to cholecystenterostomy, was performed. 

Group 3. Increase in the biliary drainage, with paling and thinning 
of the bile, is one of the symptoms of postoperative hepatic insuffi- 
ciency in cases of obstructive jaundice. Walters and Parham (1922) 
have pointed out the serious prognostic importance of cholerrhagia. 
This condition was present in the three cases in group 3 (tables 7, 8 
and 9 and figures 1C and D). The patients gave a history of marked 
and painless jaundice of from two to six months’ duration. In two 
cases there was a carcinoma of the head of the pancreas and cholecy- 
stostomy was done, preliminary to cholecystenterostomy. In the 
third patient there was a carcinoma of the common and hepatic bile 
ducts, and only choledochostomy could be done. 

COMMENT 

McMaster, Broun and Rous (1923) have described in detail the 
changes, in dogs, produced in the character of the bile as a result of 
obstruction to a permanent biliary fistula and the response to the 
relief of such an obstruction. They pointed out that with partial 
biliary obstruction there was a reduction in the output of pigments, of 
bile acids and of cholesterol, and to a much greater degree than that in 
the volume of bile, so that the fluid elaborated by the liver became pro- 
gressively poorer in the typical biliary constituents. Because of the 
analogy with changes in the renal secretion incident to the develop- 




299 



300 


COMPOSITION OP THE BILE 


ment of hydronephrosis, they used the term hydrohepatosis to desig- 
nate the changes in the liver. They also pointed out that in the 
presence of complete biliary obstruction, the concentrating activity 
of the gallbladder may mask these changes either in whole or in part. 
Following relief of the biliary obstruction, a copious amount of bile 
was elaborated by the liver and the flow persisted until the greater 
part of the retained biliary constitunts had been eliminated. This 
bile was more dilute than normal although the increase in volume was 


TABLE 1 

\ 

Summary of data in case 1 {group 1) 



Bile 




Days 

after 

opera- 

tion 

Vol- 

Bilirubin 

Bile acids as 
glyco cholic acid 

Urea 

Chlorides as 
sodium chloride 

Blood serum* 

ume 

Concen- 

tration 

Total 

Concen- 

tration 

Total 

Concen- 

tration 

Total 

Concen- 

tration 

Total 

Bili- 

rubin 

Urea 

Sodium 

chloride 


cc. 

m&m. 
per 100 
cc. 

mgm. 

mgm. 
Per IQQ 
cc. 

tngm. 

mgm, 
per 100 
cc. 

mgm. 

mgm. 
Per 100 
cc. 

grams 

mgm. 
per 100 
cc. 

mgm. 

Perm 

cc. 

mgm. 
Per 100 
cc. 

1 

650 

31 


145 

B 

25 

162 

693 





2 

655 

64 

425 

26 


36 

236 

645 

4.23 




3 

600 

75 


70 

420 

39 

234 

723 

4.35 




4 

475 

87 

414 

296 

«! 1 

18 

85 

681 

3.24 


38 

585 

5 

550 

87 

478 

308 

K|! 

18 

! 99 

681 

3.75 




6 

675 

87 

587 

308 

M:! 

32 

216 

708 

4.77 




7 

500 

56 

280 

387 

K ! 

24 

120 

692 

3.46 




8 

600 

! 45 

270 

339 


36 

216 

687 

4.13 





* Before operation the following values in milligrams in each 100 cc. were determined: 
serum bilirubin, 2.8; blood urea, 24; serum chlorides as sodium chloride, 613. 


such that the total output of pigment was increased during the period 
of choleresis. 

Similar changes are found in many cases following the relief of 
biliary obstruction. The initial changes depend on the character of 
the bile present in the biliary tract at the time of operation. If it is 
tbi rk and viscid as a result of the concentrating action of the gall- 
bladder, there is an initial decrease in the concentration of the biliary 
drainage as this retained “stasis” bile is washed out (tables 1 and 2). 
If, on the other hand, “white” bile is present in the bile ducts, the 
fluid initially obtained may contain only minimal quantities of bill- 
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TABLE 2 

Summary of data in case Z {group 1) 



BUe 1 





Vol- 

Bilirubia 

Bile adds as 
glycocboUc add 

Urea 

Chlorides as 
sodium chloride 

Blood serum* 

H 

ume 

Concen- 

tration 

Total 

Concen- 

tration 

Total 

Concen- 

tration 

Total 

Concen- 

tration 

Total 

Bill- 

ruhin 

Urea 

Sodium 

chloride 


ce. 


mfw. 



mrm. 
Per 100 

a. 

tttgm. 


grams 




1 

130 












2 

190 

128 

244 

138 

262 

50 

95 

689 

1.31 




3 

250 

97 

243 

134 

335 

37 

92 

617 

1.54 

1.3 

25 

511 

4 

175 

71 

124 

333 

583 

24 

41 

675 

1.18 




5 

215 

51 

110 

397 

855 

20 

43 

675 

1.45 




6 

200 

77 

154 

513 

1,026 

13 

26 j 

643 

1.29, 




7 

175 

101 

177 

545 

955 

21 

37 ! 

611 

1.07! 




8 

150 

112 

168 

450 

675 

16 

24 

619 

0,93 




9 

ISO 

103 

155 



13 

20 

628 

0.94 


24 

549 

10 

145 

62 

90 

1 1,06-1 


8 

12 

539 

0.78 





* Before operation tlie following values in milligraras in cacli 100 cc. were determined: 
serum bilirubin, 1.5; blood urea, 25; serum chlorides as sodium chloride, 519. 


TABLE 3 


Summary of daia in case 3 (group 1) 



Bile 1 




Days 

after 

opera- 

Vol- 

Bilirubin 

Bile adds as^ 
glycochoUc add 

Urea 

Chlorides as 
sodium chloride 

Blood scrum* 


ume 

'concen- 

tration 

' Total 

Concen- 

tration 

Total 

Concen- 

tration 

Total 

Concen- 

tration 

ToUl 

! Bili- 
rubin 

Urea 

Sodium 

chloride 


cc. 

wrm. 
per 100 

mgm. 

tnCm. 
per 100 
ce. 

mgm. 

mgm. 
per 100 
cc. 

mgm. 

rngm. 
Per too 

(C, 

grams 

mgm. 
Per 100 ! 



1 

200 









ec. I 



2 

350 ' 












3 

365 ' 

44 1 

160 

66 


■iff 

183 

619 

2.26j 




4 

700 

19 

133 

62 

434' 

55 

385 

460 

3.32 

3.6 

24 

507 

5 

600 

79 

474 

387 


92 

550 

723 

4.34 





* Before operation the following values in milligrams in each 100 cc. were determined: 
scrum bilirubin, 3.8; blood urea, 15; scrum chlorides as sodium chloride, 1. 


rubin or bile adds. The dianges reported by Rosenthal, von Falken- 
hausen and Freund (1926), and by Chabrol, Bcnard and Bariety (1926) 



































304 


COMPOSITION OP THE BILE 


response when the obstruction to the biliary passages had not been suf- 
ficiently long continued or complete to produce permanent hepatic 
injury. Smyth and Whipple (1924) pointed out that in dogs a reduc- 
tion in the excretion of bile acids is produced by a dose of chloroform 
so small as to be incapable of causing any recognizable structural 
change in the hepatic epithelium. Similarly, reduction or cessation 
in the production of bile acids would seem to be a characteristic effect 

TABLE 7 


Summary of data in case 7 {group 3) 


Days 

after 

opera- 

tion 

Urine in 
twenty- 
four 
hours* 

Bile 

Blood serum* 

Volume 

Bilirubin 

Bile acids as 
glycochoiic 
acid 

Urea 

Chlorides as 
sodium chlo- 
ride 

Con- 

centra- 

tion 

Total 

Con- 

centra- 

tion 

Total 

Con- 

centra- 

tion 

Total 

Con- 

centra- 

tion 

Total 

Bili- 

rubin 

Urea 

So- 

dium 

chlo- 

ride 




nism. 


mgm. 


mgm. 


mgm. 


mgm. 

mgm. 

mgm. 


cc. 

cc. 

per 100 

mgm. 

per 100 

mgm. 

per 100 

mgm. 

per 100 

mgm. 

per 100 

Per 100 

Per 100 




cc. 


cc. 


cc. 


cc. 


cc. 

cc. 

cc. 

1 


450 












2 

1,425 

475 



13 

62 








3 

2,025 

480 

16 

77 

17 

82 

35 

168 

752 

3.62 

16.5 

41 


4 

1,800 

650 

9 

58 

11 

71 

35 

227 

711 

4.62 



519 

5 

1,000 

1,100 

5 

55 

4 

44 

25 

275 

609 

6.70 




6 

500 

1,825 

4 

73 

3 

55 

22 

402 

649 

11.84 




7 

950 

1,950 

3 

59 

: 1 

19 

26 

506 

601 

11.70 

13.5 



8 

350 

2,050 

3 

61 

2 

41 

31 

635 

.637 

13.05 




9 

850 

1,550 

3 

46 

1 

16 

33 

512 

641 

9.95 




10 

I 700 

1,100 

3 

33 

1 

11 

45 

495 

667 

7.34 

13.7 

33 


11 

650 

1,650 

4 

46 

6 

69 

60 

690 

685 

7.87 




12 

800 

1,240 

3 

37 

7 

87 

63 

781 

633 

7.85 

14.3 

38 

639 


* Before operation the following values were determined: urine, cc. in 24 hours, 606; 
serum bilirubin, mgm, in each 100 cc,, 25; serum urea, mgm. in each 100 cc., 15. 


of biliary obstruction, and confirmation of this view is furnished by 
the experiments of Brakefield and Schmidt (1926) and of Snell, Greene 
and Rowntree (1927). If the injury to the liver in consequence of 
the obstruction is not too great, recovery is rapid and the concentra- 
tion and total amount of bile acids in the bile rapidly return toward 
normal. In no case was there evidence for the washing out of any 
appreciable quantity of retained bile acids. 
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Hepatic injury and the development of obstructive biliary cirrhosis, 
as in the cases in group 2, modified the response of the liver to the 
relief of the obstruction (tables 4, 5 and 6, and figure 15). The 
changes in the curve of excretion of bilirubin were not significantly 
different from those in the preceding group of cases although possi- 
bly the values were reduced slightly. Both the concentration and the 
total output of bile acids, on the other hand, were reduced and re- 
mained low throughout the period of observation. We believe this 

TABLE 8 

St^mfnary of data in case 8 (group 3) 


BUe 


Days 

after 

opera- 

Vol- 

Bilitubm 

Bile acids as 
glycocbolic add 

Urea 

Chlorides as 
sodium chloride 

Blood scrum* 

tiOD 

ume 

Coacea- 

txation 

Total 

Coocea- 

UatioQ 

Total 

Concen- 

tration 

Total 

Concen- 

tration 

Total 

Bili- 

rubin 

Urea 

Sodium 

chloride 


cc. 

per lOO 
cc. 

mfiB. 

per 100 
cc. 

mtm. 

msm. 
per 100 
cc. 

mgm. 


mgm. 

mgm. 

Per 100 
ce. 

Perm 

cc. 

mgm. 
Per 100 
ce. 

1 

1,935 












2 

3,025 












3 ! 

1,635 

9 

155 



21 

Ken 




28 


4 : 

1,540 

20 

155 



21 

Etil 



HI 



5 

IIBdil 

■El 

153 

15 

237 

17 

260 

540 

8.31 


17 

565 

6 

1,750 

9 

161 

16 1 

2S1 

17 

300 

540 

9.51 

7.4 

17 

521 

7 


12 

248 

14 ' 

274 

17 

340 

520 

10.4 

7.6 

19 

637 

S 

I3BB] 

7 

156 1 

21 

556 

16 

330 

600 

16.2 

8.8 

20 

599 

9 

1,850 

7 

122 

14 

257 

25 

460 

560 

10.2 

8.8 

21 


10 

2,800 

6 

162 

20 

SSO ! 

26 ! 

730 

560 1 

15.6 

9.2 

32 

563 

11 

2,400 

6 

130 

7 

350 



580 

12.2 

9.8 




• Before operation the following values in milligrams in each 100 cc. wxrc determined: 
serum bUirubin, 14.2; blood urea, 13. 


indicates failure of recuperation by the liver and so is furthere vidence 
of the functional disturbance produced by the combined effect of the 
biliary obstruction and infection present in these cases. 

In the cases in which marked cholerrhagia developed, the changes in 
the composition of the bile were most marked (tables 7, 8 and 9, and 
figure 1 C and D). This supports the dim'cal impression that cholerr- 
hagia is a symptom of serious hepatic dysfunction. In this condition 
the concentration and total output of bilirubin are somewhat reduced, 
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whereas the reduction in the bile acids is even more striking. Sur- 
geons (Judd and Lyons, 1923) have recognized that the presence of 
white bile in the biliary tract ordinarily is evidence of the accumula- 
tion within the gallbladder and biliary passages of mucus and of the 
secretion of the mucous membrane lining these ducts, and this con- 
ception has been amply confirmed by the experimental studies of 
Rous and McMaster (1921). A second variety of white bile has been 
recognized, on the other hand, as occasionally appearing after the 

TABLE 9 

Summary of data in case 9 {group 3) 


Bile 


Days 

after 

opera- 

tion 

Vol- 

Bilirubin 

Bile acids as^ 

glycocbolic acid 

Urea 

Chlorides as 
sodium chloride 

Blood scrum* 

ume 

Concen- 

tration 

Total 

Concen- 

tration 

Total 

Concen- 

tration 

Total 

Concen- 

tration 

Total 

Bill- 

rubin 

Urea 

Sodium 

chloride 



mgm. 
per 100 
cc. 

vigm. 

nigm. 
per 100 
cc. 

mgm. 

mgm. 
per 100 
cc. 

mgm. 

mgm. 
Per 100 
cc. 

mgm. 

mgm. 
per 100 
cc. 

mgm. 
per 100 
cc. 

mgm. 
per 100 
cc. 

1 

550 

50 

292 

14 

77 

15 

82 

757 

4.17 




2 


68 

477 

17 

119 

33 

231 

703 

4.92 




3 

875 

68 

595 

71 

622 

30 

263 

707 

6.20 

7.0 

37 


4 


14 

126 

23 

207 

42 

379 

723 




589 

5 


16 

224 

22 

308 

39 

546 

740 





6 


16 

274 

19 

323 

56 

952 

' 730 





7 

1,825 

16 

292 

27 

493 

80 

1,460 

707 

jjSgm 

5.0 



8 


19 

275 

23 

! 334 

: 119 

!i,725 

675 





9 

710 

36 

256 

1 50 

1 355 

: 304 

2,160 

703 





10 

H 

45 

225 

: 69 

350 

' 254 


681 

3.40 

5.8 



11 

m 

36 

I 374 

: 71 

540 

263 


707 

5.38 


178 

509 


♦ Before operation the following values in milligrams in each 100 cc. were determined: 
serum bilirubin, 12.9; blood urea, 16, 


institution of biliary drainage, and the data in case 7 illustrate the de- 
velopment of the latter condition. In this case the fluid secreted by 
the liver was almost completely acholic. Bile pigments were not 
present in as great a concentration as in the blood serum, whereas the 
sensitive Pettenkofer test showed the presence of but traces of bile 
acids. The characteristic constituents of the bile were entirely lack- 
ing, to all practical purposes, even though this deficient secretion was 
elaborated in considerable quantity. In this case, the development of 
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hydrohepatosis had apparently progressed to a stage of almost com- 
plete abolition of the biliary functions of the liver. 

In all of these cases the concentration of urea in the bile was ap- 
proximately equal to that in the blood, and the daily output was, 
therefore, determined by the volume of the bile. In one patient (case 
9, figure \D) postoperative renal insufficiency developed, and the 
concentration of urea in the blood increased to 300 mgm. in each 100 
cc. The concentration of urea in the bile was increased in a similar 
manner. Marked cholerrhagia developed in this case at about the 
same time, with the result that the output of urea was increased to 
approximately 2 grams a day. Such an elimination of urea in the 
bile ordinarily would not be significant from the standpoint of renal 
function because the urea would be promptly reabsorbed on the pas- 
sage of the bile into the intestine. In this case, however, the ex- 
ternal drainage of the bile permitted vicarious elimination of the urea 
and consequent reduction in the burden borne by the kidneys. 

Foster, Hooper and Whipple (1919) reported the development of 
abnormalities in the bones of dogs with prolonged external drainage 
of the bile. Only the excretion of chlorides in the bile was studied in 
the present series of cases. The concentration of chlorides in the bile 
was the same as, or slightly greater than, that in the blood serum, and 
was seemingly unaffected by such factors as changes in the food, the 
volume of the bile, or the intake of water or salt by the patient. The 
total output of chlorides in the bile varied between 1 and 4 grams. 
This is a quantity of salt that ordinarily would not be significant, 
although, if no salt were provided in the food, the loss might eventually 
become significant. The development of cholerrhagia, on the other 
hand, markedly increased the loss of chlorides; a maximal excretion of 
16 grams in one day was observed and one patient lost 87 grams 
through the biliary tract in the course of a week. This is a quantity 
that would quickly lead to serious depletion of chlorides in the body 
if continued unchecked or unless the chlorides were replaced by the 
administration of appropriate amounts of chlorides, as was done in 
these cases. 

In these cases oral administration of fluids was forced and an addi- 
tional 1,000 cc, of a solution containing 100 grams of glucose and 10 
grams of sodium chloride was given intravenously, so that the daily 
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intake of fluids varied between 3,000 and 4,000 cc. Notwithstanding 
this liberal intake of fluids, the output of urine frequently was reduced 
following the onset of cholerrhagia. This is shown in table 4. Under 
these conditions, unless care is taken to secure an adequate intake, 
there is danger of serious depletion of both fluids and salt in conse- 
quence of such cholerrhagia. 

It is recognized that experiments such as these are open to many 
criticisms. The collection of bile from a drainage tube, inserted in 
the gallbladder or common bile duct, is not always complete. When 
the drainage is through the gallbladder, possible effects of the normal 
concentrating action of that viscus cannot be excluded. The amount 
and character of the bile are not the same when there is complete ex- 
ternal drainage as when the bile enters the intestine and the normal 
enterohepatic circulation is uninterrupted. 

Most of these criticisms are inherent in the nature of the problem 
to be studied and cannot wholly be avoided. It is believed, never- 
theless, that the changes reported are sufficiently distinct to indicate 
the response of the liver of man to the relief of biliary obstruction, and 
some of the modifications of that response caused by various associated 
conditions. 


SUMMARY 

The composition of the bile following the relief of biliary obstruc- 
tion was studied in a series of nine cases. 

The total daily output of bilirubin was more or less constant and 
was not related to the other factors studied in this series of cases. The 
concentration, on the other hand, varied inversely with the volume 
of the bile. One or two patients showed some evidence of a washing 
out of retained pigment, but if this occurred in aU it took place so 
slowly as not to be apparent in observations of as short duration as 
these. 

Biliary obstruction inhibits or stops the formation of bile acids. 
If the liver is not too greatly injured there is a relatively rapid return 
to normal; otherwise the return is greatly delayed. This was true 
both with regard to the concentration and total amount of bile acids. 

The concentration of chlorides in the bile is slightly greater than 
that in the blood serum. With cholerrhagia, the resultant loss of 



C. H. GREENE, W. WALTERS AND C. H. FREDRICKSON 


309 


salts becomes so great as to be of clinical significance. The loss of 
fluids by this channel may also be so great as to cause diminution in 
the output of urine. 

The concentration of urea in the bile apparently varies directly 
with that in the blood. Ordinarily this pathway of elimination is not 
significant, but in one case there was considerable loss of urea through 
the fistula. 
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STUDIES ON THE NITROGEN AND SULPHUR METABOLISlkl 
IN “BRIGHT’S DISEASE” 

I. The Retention op Niteogen and Sulphur in “Nephrosis”* 
By G. P. GRjVBFIELD 

{From the ^^edical Clinic of the Peter Bent Brigham Hospital, Boston) 

(Received for publication April 28, I9i0) 

For many years the retention of the nonprotein nitrogen in the 
blood in Bright’s disease has been studied in a variety of ways. In 
recent years the syndrome called * ‘nephrosis” has been described and, 
by some, considered a clinical entity. For the purposes of the present 
study, this term has been used to designate patients who showed a 
syndrome characterized by edema, low basal metabolism, doubly, 
refractile fat in the urine, tlie excretion of large amounts of albumin, 
and the diminution of serum protein with a reversal of the albumin- 
globulin ratio. None of the patients studied had an increase in the 
nonprotein nitrogen in the blood. It has been shown that these 
patients do well on a high protein diet and that tliey may lose their 
edema under such conditions. Wlien treated with such a diet they 
retain large quantities of nitrogen even when given in the form of 
crystalline urea (1). We have been able to study, over long periods, 
the metabolic reactions of five patients exhibiting tliis syndrome. In 
the present report, we wish to show the relationship between the 
nitrogen and sulphur retention in these patients. 

The subjects of this, and succeeding studies to be reported, were on 
carefully weighed diets. The food intake was not analyzed, but 
standard tables of composition were employed to calculate the dietary 
constituents including the water in the food. To prevent a possible 
diuretic effect of water the total water intake including the water in 
the food was kept constant. Refusals of food were weighed on the 
ward and the total intake calculated by subtraction. The intake was 

* This work was done under a grant from the Proctor Fund for the Studv of 
Chronic Disease of Harvard University. 
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essentially constant as to nitrogen, sulphur, phosphorus, calories and 
water. The diets were varied according to therapeutic necessity in 
the various patients and corresponded to the standard hospital diets 
containing 28, 40, 60, 100, and 150 grams of protein. We thus had the 
advantage of keeping the patient on an approximate diet for a long 
time before the more laborious process of carefully weighing the foods 
was commenced. In only one period presented (number 10, fig. 1) 
was the patient on a weighed diet as little as four days and this patient 
had been on approximately the indicated dietary level for four weeks. 
In the remaining periods all patients had been on weighed diets of the 

TABLE 1 


Additional data on periods shown in figure 1 


Period 

number 

Dates of period 

Patient 

number 

Total 

serum 

protein 

Serum 

albumin 

Serum 

globulin 

Blood 

choles- 

terol 

Basal ^ 
metabolic 
rate 




grams per 
100 cc. 

grams per 
100 cc. 

grams per 
100 cc. 

mgm. per 
100 cc. 

per cent 

I 

November 12-15, 1928 

I 

5.0 , 

1.4 

3.6 , 



II 

November 19-22, 1928 

I 

5.1 

1.9 

3.2 

454 

-24 

III 

July 17-20, 1928 

V 





-11 

IV 

June 28-July 1, 1928 

III 

4.6 

3.0 

' 1.6 

! 416 

- 7 

V 

March 7-10, 1929 

IV 

! 3.7 

0.4 

3.3 

471 


VI 

March 4-7, 1929 

IV 

3.4 

' 0.5 

2.9 

180 

- 8 

VII 

July 11-14, 1928 

V 




290 


VIII 

October 7-10, 1928 

II 

5.5 

2.3 

3.2 

526 

- 6 

IX 

June 28-July 1, 1928 

V 

3.6 

1.7 

1.9 

200 

- 6 

X 

May 13-18, 1928 

III 

5.3 

2.5 

2.8 

312 

-10 


magnitude presented for at least ten days. All diets contained about 
2000 calories made up largely by carbohydrate, as the fat intake never 
rose above 80 grams. The nitrogen, sulphur and phosphorus ran 
almost exactly parallel and the levels are sufficiently indicated in 
figure 1. 

Analyses of the urine were done daily for creatinine by the Folin 
method (2), total nitrogen by the Folin modification of the Kjeldhal 
method (2) and total sulphur by Fiske’s benzidine method (3) . The 
nitrogen of the feces was determined in some experiments, but as this 
was found to make no significant difference it was not done always. 
For technical reasons the sulphur of the feces was not determined, but 












Fig. I, XiTiiOCEX and Sulpjiuk Intake and OtTi'Gr tor the JO Periods 
Shown ln Tabu: 1 
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it has been shown to be insignificant on high protein diets and to run 
parallel to the nitrogen. In order to minimize day to day variations 
we have chosen three days as the unit for comparison. All our experi- 
ments have been done on this basis. For the present study we have 
selected ten such periods free from any influences such as changes in 
diet or others to be reported later. In table 1 the periods presented in 
figure 1 are correlated with certain chemical findings and from the 
dates given in this table the general clinical condition of the patient 
may be ascertained by reference to the brief histories appended. In 
this connection it is interesting to point out that these periods of study 
included both edematous and nonedematous subjects. 



Fig. 2. The Ten Columns of Ratios Aee Calculated from the Ten Periods 

Shown in Figure 1 

The results of this particular study are shown in the accompanying 
charts. Figure 1 summarizes the intake and output of nitrogen and 
sulphur of ten three-day periods from five patients on a varying level 
of protein intake. They are arranged from left to right in a descend- 
ing series. The columns represent the intake while the shaded portion 
represents the output. The percentage figures in each column indicate 
the amount of the intake retained. It is immediately apparent that 
the percentage of retention of sulphur is greater under any of the cir- 
cumstances than that of nitrogen. This is contrary to the usual 
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experience that sulphur is excreted more readily and earlier than nitro^ 
gen when protein is added to the diet (4). Blood sulphur determina- 
tions were not made, but Wakefield and Keith (5) have shown that in 
such patients there is no increase in the blood sulphur. The retention 
of sulphur on the lower dietary levels taken in conjunction with Keith 
findings, demonstrate that this retention is not due to a failure of 
excretion on the part of the kidney. 

In this connection, the nitrogen-sulphur ratios are of interest and are 
shown in figure 2, taken from the results presented in figure 1. It will 
be noted that the nitrogen-sulphur ratio of the diet corresponds roughly 
to that in starvation which is about 14 to 1, and this has been assumed 
to be the ratio in muscle protein (6). It is to be noted, that regardless 
of the level of the diet, the ratio in the intake remained practically con- 
stant. The nitrogen-sulphur ratio in the urine varied considerably, 
from period to period, but in every case, was significantly higher than 
that of the intake, and in certain cases yielded very high figures indeed. 
If we attempt to calculate the nitrogen-sulphur ratio of the ^'protein” 
retained, we get the lowest curve on the chart, indicating that such 
retained protein is rich in sulphur. It will be noted that except at the 
extremes of dietary intake, the N:S ratio of the retained protein 
appears to run at a fairly constant level, always below that of the 
intake. It may be that the variation of the output indicates an at- 
tempt to maintain the optimum level in the retained protein. 

It is interesting to compare the sulphur-poor nitrogen excretion in 
these experiments with the descriptions of deposit protein, which is 
said to be poor in sulphur (4), suggesting that “deposit protein’’ may 
be the most important source of the N excreted in these patients. 
Boothby (7) found comparably high N:S ratios in the urine in patients 
with myxedema under treatment by thyroxin, and previous work (8) 
has shown that similar protein may be mobilued in normal individuals 
by the administration of iodides. It seems undesirable to erect an 
hypothesis on the basis of the evidence here presented, but these 
data suggest very strongly that the problem of the nephrosis syndrome 
may be concerned more with the intermediary'’ sulphur metabolism 
than with the kidney itself. As to the exact phase of the metabolism 
involved we have no due at the present time. 
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SUMMARY 

1 . The nitrogen and sulphur excretion of five patients exhibiting the 
nephrosis syndrome were studied while these patients were on a diet 
constant as to N, S, P, calories and water. 

2. As in other studies a large retention of nitrogen occurred. 

3. The retention of sulphur was greater than that of nitrogen regard- 
less of the level of dietary nitrogen. 

4. The N :S ratio in the urine was high. 

5. The N :S ratio of the “retained protein” was low. 

It is a pleasure to acknowledge the assistance of the diet kitchen in 
these experiments and especially that of Miss Mary Robertson. 

BIBLIOGRAPHY 

1. Peters, J. P., and Moore, D. D., J. Clin. Invest., 1928, vi, 5. The Relation of 

Urea to Nitrogen Metabolism. 

2. Folin, O., Laboratory Manual of Biological Chem 2 str 3 ^ Appleton, New York, 

1922, 3rd ed. 

3. Fiske, C. H., J. Biol. Chem., 1921, xlvii, 59. The Determination of Inorganic 

Sulfate, Total Sulfate, and Total Sulfur in Urine by the Benzidine Method. 

4. Lusk, G., The Elements of the Science of Nutrition. Saunders, New York, 

1923. 

5. Wakefield, E. G., and Keith, N. M., J. Clin. Invest., 1929, vii, 495. A Study 

of Serum Inorganic Sulfates in Renal Insufficiency. 

6. Kahn, M.. and Goodrich, F. G., Sulphur Metabolism. Lea and Febiger, 

Philadelphia, 1926. 

7. Boothby, W. M., Sandiford, I., Sandiford, K., and Slosse, J., Trans. A. Am. 

Physicians, 1925, xl, 195. The Effect of Thyroxin on the Respiration and 
Nitrogenous Metabolism of Normal and Myxedematous Subjects. I. A 
Method of Studying the Reserve of Deposit Protein with a Preliminary 
Report of the Results Obtained. 

8. Grabfield, G. P., Gray, C., Flower, B., and Knapp, Emily, J. Clin. Invest., 

1927, iv, 323. The Mechanism of the Action of Iodides on the Nitrogen 
Metabolism. 

Grabfield, G. P., Boston Med. and Surg. J., 1927, c.vcvii, 1121. The Action of 
Iodides on the Nitrogen Metabolism. 

CASE HISTORIES 

Case 7. O'C. (Medical number 33490), a single, white male of 24 years first 
entered the hospital on November 7, 1926 complaining of edema of the legs. His 
past history was rmimportant except that in the preceding 20 months he had had 
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three periods of edema of the legs, the last occurring in April, 1925. Tliis edema 
cleared up with dietary treatment alone. The treatment, was apparently a low 
protein diet. At this admission he showed a large soft edema of the legs and a 
secondary anemia; hemoglobin 50 per cent, red blood cells 4,700,000. The urine 
showed large amounts of albumin and constantly contained red blood cells. 
Phthalein excretion was 55 per cent. Blood pressure 135/80. Blood cholesterol 
was elevated and basal metabolic rate minus 14 per cent. He was treated with 
desiccated thyroid in large doses without success but improved rapidly on a high 
protein diet (150 grams). He was readmitted in November, 1927, following a 
period in which he reduced his diet and again in October, 1928, when edema 
recurred following a comparatively sUght cold. The blood analyses and urine 
analyses showed no essential change, though the secondary anemia was much 
improved. Blood pressure remained within normal limits and the phthalein 
excretion was 45 per cent. Blood urea nitrogen was at all times within normal 
limits. He was edema free by November 1, 1928. 

Case II. Sp. (Medical number 32897), a married white male of 43 years, 
entered the hospital on July 5, 1928 complaining of swelling of the face and ankles 
of two w'ceks duration. On examination there was also found fluid in the abdomen 
together with enlargement of the spleen and liver. The circulatory system was 
normal; blood pressure 135/85. Urine show’ed large amounts of albumin with no 
pathological elements in the urinary sediment except doubly ref tactile fat granules. 
Phthalein excretion was 50 per cent; basal metabolic rate ranged from minus 6 per 
cent to minus 25 per cent and only on the first examination was the albumin of the 
blood greater than the globulin. Blood cholesterol was persistently elevated. On 
high protein diet his edema decreased but did not disappear. Thyroid therapy 
did not reduce the edema. It was finally found that he remained most free of 
edema on a diet of 100 grams of protein. In October, 1928, he developed a very 
slight secondary anemia. He left the hospital in December and re-entered in 
1929 with h>T5er tension, and retinal hemorrhages comparatively free of edema. 
During the period of this study he was only showing puffiness of the eyes in the 
morning and had slight pitting edema of the shins. 

Case III. Z. (Medical number 32464), a single, white female of 23 years, 
entered the hospital April 2! , 1928, complaining of edema of the legs. The onset 
was insidious beginning with weakness and the edema was first noted 8 months 
before. Later, edema spread from feet to legs and subocular edema W'as noted; 
then nocturia, palpitation and dyspnea on exertion developed. On entry, the 
patient was pale and there was slight edema of the legs and over the sacrum. 
Blood pressure 93/70, Wassermann reaction positive. She was treated with a 
low protein diet and given active antiluciic Uicrapy without amelioration of her 
s>Tnptoms until on June 9th she was given a high protein diet. The urine showed 
large amounts of albumin with a moderate number of casts in the sediment. 
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SUMMARY 

1. The nitrogen and sulphur excretion of five patients exhibiting the 
nephrosis syndrome were studied while these patients were on a diet 
constant as to N, S, P, calories and water. 

2. As in other studies a large retention of nitrogen occurred. 

3. The retention of sulphur was greater than that of nitrogen regard- 
less of the level of dietary nitrogen. 

4. The N :S ratio in the urine was high. 

5. The N :S ratio of the ^^retained protein*' was low. 
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these experiments and especially that of Miss Mary Robertson. 
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CASE HISTORIES 

Case 7. O'C. (Medical number 33490), a single, white male of 24 years, first 
entered the hospital on November 7, 1926 complaining of edema of the legs. His 
past history was unimportant except that in the preceding 20 months he had had 
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three periods of edcnia of the legs, the last occurring in April, 1925. This edema 
cleared up with dietary treatment alone. The treatment was apparently a low ' 
protein diet. At this admission he showed a large soft edema of the legs and a 
secondary anemia; hemoglobin 50 per cent, red blood cells 4,700,000. The urine 
showed large amounts of albumin and constantly contained red blood cells. 
Phthalcin excretion was 55 per cent. Blood pressure 135/80. Blood cholesterol 
was elevated and basal metabolic rate minus 14 per cent. He was treated with 
desiccated thyroid in large doses without success but improved rapidly on a high 
protein diet (150 grams). He was readmitted in November, 1927, following a 
period in which be reduced his diet and again in October, 1928, when edema 
recurred following a comparatively slight cold. The blood analyses and urine 
analyses showed no essential change, though the secondary anemia was much 
improved. Blood pressure remained within normal limits and the phthalein 
excretion was 45 per cent. Blood urea nitrogen was at all times within normal 
limits. He was edema free by November 1, 1928, 

Case n, Sp. (Medical number 32897), a maaied white male of 43 years, 
entered the hospital on July 5, 1928 complaining of swelling of the face and ankles 
of two weeks duration, On examination there was also found fluid in the abdomen 
together with enlargement of the spleen and liver. The circulatory system was 
normal; blood pressure 135/85. Urine showed large amounts of albumin witli no 
pathological elements in the urinary sediment except doubly refractilefat granules. 
Plulialcin excretion was 50 per cent; basal metabolic rate ranged from minus 6 per 
cent to minus 25 per cent and only on the first examination was the albumin of the 
blood greater than the globulin. Blood cholesterol was persistently elevated. On 
high protein diet his edema decreased but did not disappear. Thyroid therapy 
did not reduce the edema. It was finally found that he remained most free of 
edema on a diet of 100 grams of protein. In October, 1928, he developed a very 
slight secondar>* anemia. He left the hospital in December and re-entered in 
1929 with hypertension, and retinal hemorrhages comparatively free of edema. 
During the period of tliis study he was only showing pufiincss of the eyes in the 
morning and had slight pitting edema of the shins. 

Case III. Z. (Medical number 32464), a single, white female of 23 years, 
entered the hospital April 21 , 1928, complaining of edema of the legs. The onset 
was insidious beginning with weakness and the edema was first noted 8 montlis 
before. Later, edema spread from feet to legs and subocular edema was noted; 
then nocturia, palpitation and dyspnea on exertion developed. On entry, the 
patient was pale and there was slight edema of the legs and over the sacrum. 
Blood pressure 93/70. Wassermann reaction positive. She was treated with a 
low protein diet and given active antfluetic therapy without amelioration of her 
s>Tnptoms until on June 9th she was given a high protein diet. The urine showed 
large amounts of albumin with a moderate number of casts in the sediment. 
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Phthalein excretion 55 per cent; basal metabolic rate, minus 6 per cent to minus 
10 per cent; blood urea nitrogen, 9 mgm, per 100 cc. The serum proteins showed 
the usual reversed ratio of albumin to globulin. She was practically edema free 
during period IV and had slight edema during period X. 

Case IV. Alg. (Medical number 34316) a married, white female of 26 years, 
entered the hospital on February 12, 1929, complaining of edema and shortness of 
breath. The onset was in September, 1928, sk weeks after a cold and sore throat. 
She had been treated at home with digitalis and low protein diet. Examination 
revealed fluid in both pleural cavities and in the abdomen, edema of the legs and 
over the sacrum, some pharyngeal inflammation, large amounts of albumin in the 
urine and reversal of the serum protein ratio. The urinary sediment was not 
remarkable. Blood pressure 125/85; blood urea nitrogen 11 to 15 mgm. per 100 
cc.; blood cholesterol elevated; basal metabolic rate minus 8 per cent. After two 
days on the Karrell diet she was treated with a high protein diet without much 
improvement. On April 1st. she developed a sharp pain in the upper abdomen and 
died on April 4th of a fulminating septicemia. 

Case F. R. (Medical number 32820) a married, white female of 38 years, 
entered the hospital on June 21, 1928, complaining of swelling of the ankles. She 
had had chorea in childhood and had been known to have rheumatic valvular heart 
disease since that time. This involved both the mitral and aortic valves. The 
onset of the present edema was 8 months ago and for the past month she had been 
in the Boston City Hospital where she was completely digitalized without relief. 
On entry there were the expected cardiac signs, a fluid wave in the abdomen and 
pitting edema over the ankles. Vital capacity, 45 per cent; blood pressure, 180/80; 
phthalein, 10 per cent. The mine contained large amounts of albumin and a 
moderate number of granular casts. There was severe secondary anemia; red 
blood cells, 2,500,000; basal metabolic rate minus 6 per cent. Serum proteins 
showed reversed ratio and blood cholesterol was elevated. She became edema 
free on August 13th after thorough digitalization and high protein diet. Infected 
teeth were removed on July 21st. This was followed by oliguria until the condition 
of the mouth again permited the mastication of the high protein diet on August 
1st. She died months after this period with the signs of renal failure. 



THE EFFECT OF ATROPINE UPON GASTRIC SECRETION 
AFTER HISTAMINE STIMULATION 
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(Received {or publication April 2, 1930) 

It is generally assumed by physicians that atropine decreases gastric 
secretion, and although many studies have been made on animals and 
man, few exact details as to its action in man are known. Histamine, 
although studied extensively by pharmacologists and physiologists, 
since the work of Dale and Richards (1), has only recently interested 
the clinician. Tiiis has come about as a natural development of the 
work of Popielski (2, 3), who found that histamine was a powerful 
stimulant of gastric secretion in dogs, and later of Carnot, Koskowski 
and Libert (4), who described its action on the stomach in man. 
Bloomfield and PoUand (5) have recently described a method by which 
it has been found to be of diagnostic value in studies on gastric secre- 
tion. It seemed advisable to study the effect of atropine on the gastric 
secretion caused by histamine in man. It was thought that such 
studies might enable one to estimate more accurately tlic value of 
histamine as a stimulating agent, and at the same time throw some 
light on the more fundamental problems of gastric secretion. 

LITERr\TURE 

Keeton, Luckhardt and Koch (6) using dogs with Pavlov pouches or 
gastric fistulae showed that there was an antagonism between hista- 
mine and atropine. In their experiments, even after temporary 
inhibition by atropine, histamine always produced a reappearance of 
secretion. They noted that if atropine was given after histamine, 
there was first a fail in the quantity of secretion and pepsin, followed 
later by a reduction in add. They suggested that this indicated a 
different secretory mechanism for pepsin and acid. No similar studies 
have been made on man. 
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ATROPINE AFTER HISTAMINE STIMULATION 


As regards the effect of atropine on gastric secretion, the literature 
abounds with conflicting and contradictory reports. A review of the 
bibliography is beyond the scope of this paper. Altshuler (7) has 
recently surveyed the experimental work, and attempted to reconcile 
contradictory observations on the basis that the action of drugs 
depends upon what phase of activity the cells are in when the stimulus 
reaches them. He believes that the same drug acting on the same 
cell might at one time result in stimulation, and at another in inhibition. 

METHODS 

Exactly the same procedure was used as has been previously de- 
scribed (5), except that after the volume of secretion and titrable 
acidity had practically returned to normal, a second injection of hista- 
mine (0.1 mgm. per 10 kilograms body weight) and atropine (0.2 mgm. 
per 10 kilograms body weight) was administered subcutaneously. 
The response to histamine alone was taken as a control for the subse- 
quent effect of histamine and atropine. Previous studies in this 
laboratory (8) have shown that repeated injections of histamine 
that follow after the effect of a former injection has worn off, produce 
practically the same titratable acidity and volume response. The 
dose of atropine used was sufficient to produce mild toxic symptoms — ■ 
dryness of mouth and blurring of vision. 

The following determinations were made on the various ten-minute 
specimens: (a) volume, (b) titratable acidity, and (c) pepsin. Titra- 
table acidity was determined with di-methyl and phenolphthalein in 
the usual way, and pepsin according to the method of Polland and 
Bloomfield (9). 

MATERIAL 

Seven patients were studied Four of these presented no evidence of 
organic disease of the stomach; three were cases of duodenal ulcer. 
Volume and titratable acidity were measured in all, and pepsin was 
determined in 4 cases. Table 1 shows a complete protocol to illustrate 
the procedure. 

RESULTS 

Case 1. R., a man, age 21 with evidence of mental retardation, had never 

had any symptoms of gastric disease. The results of the examination are shown in 
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chart 1. The control period showed a secretion of normal volumes and titratable 
acidity. At the end of the period both had practically returned to the fasting 
level. After the administration of histamine and atropine, there was a brisk 
temporary rise in the volume per ten- minute period followed by a fall below that 
of the fasting level. On the other hand, the titratable acidity^ mounted to a level 
much higher than with histamine alone, and remained relatively high even when 
the volume of secretion was low. In spite of the rise in titratable acidity, the 
total output of acid fell with the volumes. 



CiiAkT 1. Curves op Volume oe Secretion, Titjlvtable Acidity, and Total 
Output of Acm from Case 1 At Ten*-minute Intervals After His- 
tamine, AND After Histamine and Atropine 

Core 2. G. B., a man, age 42, had symptoms of mild indigestion for ten years. 
Physical examination was negative. Stools were negative for occult blood. X- 
rays showed no evidence of disease of tlie stomach. His symptoms partially 
subsided after a short stay in the hospital. The control period showed secretion 


^ Throughout tliis paper, titratable acidity refers to the number of cubic centi- 
meters of N/IO XaOH necessary to neutralize 100 cc. of gastric juice with phcnol- 
phthalein as an indicator. The total output of acid represents the total amount 
of acid secreted per ten-minute period expressed as N/IO 11 Cl. 




Chart 2. Curves of Volxjme of Secretion, Titratabie Acidity, and Total 
Output of Acid from: Case 2 at Ten-minute Intervals After His- 
tamine, and After Histamine and Atropine 



Chart 3. Curves of Volume of Secretion, Titr^table Acidity, 

Output of Acid from Case 3 at Ten-minute Intervals After Hista- 
mine, and After Histamine and Atropine 
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of normal amounts of juice of normal titratablc acidity (chart 2). After histamine 
and atropine, there was a transient rise of the volume per ten-minute period, 
followed by a fall. Simultaneously, there was a marked rise in the titratablc 
acidity, but the total output of acid was diminished. 

Case 3. A. M., a woman, age 4S, had symptoms of indigestion relieved by food 
or soda for seven years. Physical examination and laboratorj" studies were 
essentially negative. G astro-intestinal x-rays showed a constant constriction of 
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Cit\RT 4. Curves of Concentration and Total Output of Pepsin from Case 
3 AT T'en-minute Intervals After Histamine, and After Histamine and 
Atropine 

the duodenum, and the x-ray diagnosis was duodenal ulcer. The control examina- 
tion showed the volumes and titratablc addity were wztliin normal limits (chart 3). 
After histamine and atropine the titratablc acidity rose while the volumes fell. 
Even after the volume had fallen to 7 cc. per ten -minute period, llic titratablc 
acidity remained high— 105 cc. N'/IO HCl per 100 cc. of juice. The total output of 
acid was, as usual, decreased. Chart 4 shows the effect of histamine and atropine 
upon pepsin. (Pepsin is expressed in terms of the number of milligrams of edestin 
digested by one cubic ccntuncter of gastric juice in 30 minutes.) The control 
period shows, as has been prcviousl>* noted (10), a fall In concentration but a 
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transient rise in total output of pepsin after histamine. After histamine and 
atropine, there is a marked fall in both the concentration and total output of pepsin 
for each ten-minute period. 

Case 4. J. G., a boy, age 17, entered the hospital for minor complaints and 
showed no evidence of organic disease. The control volumes and titratable 


TABLE 1 

Complete protocol of a typical experiment {Case 4) 






Acid titratable 

Pepsin 

Number 

of 

specimen 

1 

Time 

Amount 

Character 

1 

Free 

Total 

Output 

per 

period 

Edestiu 
digested 
by 1 cc. 
01 juice 

Total 
edestin 
digested 
per 10 
minute 
period 


PsVt. 

cc. 

1 

cc. N/JO 
Per 100 cc. 

cc. N/10 
per 100 cc. 

cc. mto 

msm. 


1 

1:50 

! 60 - 

Fasting contents. 

22 

33 

19.8 





1 

1 

1 

Water clear, 

small amounts 

1 

1 

1 

i 


1 

i 




1 mucus 






2 

; 2:00 

23 

Water clear, small 

46 

56 

12.88 






amount mucus 







Histamine 0,6 mgm. 


3 i 

2:10 

30 ■ 

Water clear 

81 

88 1 

26.4 



4 : 

2:20 

39 ' 

Water clear ! 

94 

102 

39.78 



5 i 

2:30 

33 

Water clear i 

108 

118 

38.94 1 

899 


6 

2:40 

22 

Water clear 

98 

112 

24.64 


1 

7 

2:50 

17 

Water clear 

62 

83 

' 14.11 

667 



Histamine 0.6 mgm., atropine 1.2 mgm. 


8 


16 

Water clear 

84 

100 

16.0 

1,130 


9 

3:10 

20 

Water clear 

116 

128 

25.6 

684 


10 


17 

Water clear 

128 

137 1 

23.29 

522 


11 

3:30 

14 

Water clear | 

138 

146 

20.44 

424 

mB 


acidity were normal (table 1 and chart 5). After histamine and atropine, the 
volumes and total output of acid fell, while the titratable acidity rose as in cases 1, 
2 and 3. Chart 6 shows that after histamine there is a fall in the concentration and 
total output of pepsin, followed, after histamine and atropine, by a slight rise, then 
a further fall of both. 

















Dmrt S. Curves of Volume of Secretion, Titratable Acidity, and Total 
Output of Acm from Case 4 at Tek-minute Intervals After Histamine, 
AND After Hxsta^.iine and Atropine 










Chart 7. Curves of Volume oe Secretion, Titratable Acmm, and Total 
Output of Acid from Case 5 at Ten-minute Intervals After Histamine, 
AND After Histamine and Atropine 



Chart S. Curves of Concentration, and Total Output of Pepsin from Case 
5 AT Ten-minute Intervals After Hist.amine and After Histamine and 

Atropine 
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Case 5. L. L., a woman, age 30, entered the hospital because of nervousness. 
No evidences of organic disease of any kind were found. The volume response to 
histamine was low, but the titratable acidity was normal (chart 7). After hista- 
mine and atropine, the volumes fell to the very low level of 3 cc. per ten-minute 
period, while the titratable acidity reached the remarkable level of 155. The total 
output of acid fell with the volumes. Both the concentration and total output of 
pepsin fell markedly after histamine and atropine (chart 8). 


TABLE 2 

Daia from case 6 


Number of specimen 

1 

P 

Amount 

Character 

Titratable 

acidity 

Pepsin 

Free 

Total 

EdesUn 
digested 
by 1 cc. 
of juice 

Total 
edestin 
digested 
per 10 
minute 
period 





ce. 

cc. 




p.m. 

u. 


y/iQ 

N/!0 

msm. 






lOOcc. 

IQOcc. 



1 

2:25 

30 

Fasting contents. Thin, colorless, some 

40 

58 






mucus 





') 

2:35 

38,5 

Thin, clear 

84 1 

94 

1,485, 

57,190 

3 

2:45 

36 

Thin, clear 

94 ' 

102 



4 

2:55 

28 

Tliin, clear 

102 1 

112 

1,770 

49,500 

5 

3:03 

25 

'niin, faint brownish tinge (blood) i 

106 , 

116 



6 

3:15 

31 

Tliin, faint brownish tinge (blood) 

104 

114 ' 

1,’615 

50,400 

7 

3:25 

36 

Tliin, faint brownish tinge (blood) ' 

80 

90 1 




Ilistaniine 0.7 nigm., atropine 1,4 mgm. 


8 

3:35 

31.5 

Thin, faint brownish tinge (blood) 

112 

122 

1,770 

54,900 

9 

3:45 

33 

Thin, faint brownish tinge (blood) 

124 

132 



10 

3:55 

37 

Thin, faint broivnish tinge (blood) 

126 j 

134 

788 


H ! 

4:05 

33.5, 

Thin, faint brownish tinge (blood) 

m 

134 

i 



Case d. J. M., a man, age 54, entered the hospital for treatment of a duodenal 
ulcer of many years duration. His fasting secretion was very high — 194.5 cc. of 
juice per hour, having an average titratable acidity of 105 (table 2 and chart 9). 
After histamine and atropine, the rate of secretion remained about the same, but 
the titratable acidity rose from 116 to 134. The concentration of pepsin fell from 
1770 milligrams to 788 milligrams edestin digested by I cc. of juice (chart 10), 
and the total output of pepsin fell from 57,190 mgm. to 29,160 mgm. edestin 
digested per ten-minute period. 


TUB JO c us At, or lUStCAL tNVEi.riG\TtOS, VOL, tx, SO. 2 
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Chart 9. Curves oe Volume oe Secretion, and Titratable Aciditv erom 
Case 6 Beeore and Aeter Histamine and Atropine 



Chart 10. Curves oe Concentration and Total Output oe Pepsin erom Case 
6 AT Ten-minute Intervals Before and After Histamine and Atropine 
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Case 7. F. A., a man, age 30, had symptoms of indigestion for 20 months. 
The x-ray diagnosis was duodenal ulcer and his symptoms promptly subsided on a 
modified Sippy regime. After histamine, tlie volumes and titratable acidity were 
high (chart 1 1). After histamine and atropine, the usual response occurred; the 
titratable acidity rose while the volumes fell. After the volume had reached a 



CIUUT II. Curves of Volume of Secretiok, Titr^vtable Acidity, and Total 
Output of Aqd from Case 7, at Ten-minute Intervals After Histamine, 
After Histamine and Atroi'ine and After a Second iNjEcnoN of 
Histamine 

secretory rate of 7 cc. per ten-minulc period, another dose of histamine was 
administered. Although the volumes reached 27 cc. per ten-minute period, this 
was less than half tlie first response to histamine. However, the titratable acidity 
rose to a mxximum of 150, as compared to the previous response to histamine of 
128. 
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DISCUSSION 

A survey of the foregoing charts shows several striking facts: 

1. Volume of secretion. It is immediately apparent that the volume 
of secretion is smaller after histamine and atropine, than with hista- 
mine alone. In the control period, the output reached its maximum in 
20 to 30 minutes and then began to fall, reaching the pre-histamine 
level in about 50 to 60 minutes. On the other hand, after histamine 
and atropine, there was usually a slight rise in the volume, followed 
by a marked fall. Even a second dose of histamine (case 7) failed 
to produce the normal volume response, while the effect of atropine 
was still present. These facts are shown quantitatively in table 3. 


TABLE 3 

Comparison of volume of secretiouj average iUratable acidity ^ and total acid output in the 
first 40 minutes after histamine^ and after histamine and atropine 


Case 

Volume secreted 

Titratable acidity 

Total output of acid 

Histamine 

Histamine 
and atropine 

Histamine 

Histamine 
and atropine 

Histamine 

Histamine 
and atropine 

1 

2 

3 

4 

5 

7 

Cc. 

140 

132 

101 

124 

59.5 

186 

cc. 

71.5 

107 

79 

67 

33 

128 

cc. fffiO per 
too cc. 

61 

100 

90. .5 

105 

111.3 

105 

cc. N/JO per 
too cc. 

93 

120.5 

I 101.3 

127.8 

139 

137.5 

cc. N/iO 

8S.5 

1 133.47 
95.02 
^ 129.76 
66.93 
200.4 

cc. N/IO 

67.08 

128.61 

78.15 

85.33 

44.17 

175.6 


2, Acidity, Keeton, Luckhardt and Koch pointed out that in dogs 
the volume of secretion after atropine diminished more rapidly than 
the tit ratable acidity. The present experiments show that in man 
the titratable acidity rises after histamine and atropine, often to 
extremely high levels. This is in striking contrast to the volume of 
secretion. In case 5, for example, the titratable acidity reached 155, 
while the volume fell to 3 cc., and in case 3 the titratable acidity was 
105, while the volume was 7 cc. This complete dissociation of the 
usual coordinated response to histamine suggests that water and acid 
are secreted by different mechanisms. If the curves for titratable 
acidity and volume of secretion are alone considered, it would appear 
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that the increase in concentration o£ acid after histamine and atropine 
was due only to a decrease in volume of water secretion, and that there 
was no direct effect upon acid secretion. However, if the total output 
of acid is studied, it is clearly seen that atropine has also a definite 
inhibitory action on acid secretion. In table 3 is a summary of the 
actual quantitative relations. 

It is believed that the present observations explain why most 
authorities have found a diminution in the titratable acidity after the 
administration of atropine. If bread, water, gruel, beef broth or 
alcohol are used to study gastric secretion, no true index of titratable 
acidity can be obtained because of tlie diluting effect of the meal itself. 
If the actual concentration of acid is higher, but the total output is 
lower for any given period of observation, the introduction of a dilut- 
ing agent will give a false idea of the true concentration of the acid. 
Obviously, this error does not occur if pure gastric juice is studied, such 
as is obtained after histamine stimulation. However, it is also 
important to remember that the study of the concentration alone of a 
given substance is insufficient, and often misleading. Unless one 
considers the total output, or rate of secretion of a given substance, no 
true index of the functional state of the stomach can be obtained. 
This is strikingly shown in all the cases, if the titratable acidity was 
alone considered, and the total output disregarded In tliat case the 
conclusion would have to be that atropine always augmented acid 
secretion after histamine. Certainly this conclusion is false when 
one considers the total output of acid. 

3. Pepsin, A survey of the pepsin curves shows that after hista- 
mine and atropine, the concentration is decreased. The effect on 
pepsin is more strikingly shown if tlie total output is considered. The 
latter seems to parallel the fall in volume of secretion. However, in 
case 6 the concentration and total output of pepsin fell before the 
volume of secretion was affected; in cases 4 and 5 the concentration 
and total output were falling while the volume of secretion was rising. 
Previous studies (11) have suggested that pepsin and water are not 
secreted by the same mechanism, and the present study is additional 
evidence in favor of such a theory. It is dear that the secretion of 
pepsin has no relation to the secretion of acid. 
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SUMMARY 

Curves are presented comparing the course of gastric secretion after 
histamine with that after histamine and atropine. The volume of 
secretion, titratable acidity, concentration of pepsin, total output of 
acid and total output of pepsin have been studied. Atropine disso- 
ciates the normal response to histamine, producing a marked decrease 
in the volume of secretion, and in the concentration and total output 
of pepsin. The titratable acidity rises as a result of the only slight 
inhibitory effect of atropine on the total output of acid. 

The results suggest that water, acid and pepsin may have different 
mechanisms of secretion. 
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BLOOD VOLUME AND PLASMA ELECTROLYTE CHANGES 
IN THE DEHYDRATION OF INFANTS 

By rustin McIntosh, ]:j\slo kajdi, and dorothy meeker 

(From the Harriet Lane Howe of the Johns Hopkins Hospital and the Department of Ptdia- 
tries of the Johns Hopkins University Medical School, Baltimore) 

(Received for publication March 20, 1930) 

In a general review of the subject of anhydremia published in 1923, 
Marriott (1) brought out several of the phenomena which had been 
shown to accompany severe clinical dehydration; an increase in the. 
proportion of the total solids and in the dried weight of a unit volume 
of blood, an increase in its specific gravity, in red cell count and hemo- 
globin, and in the concentration of the serum proteins. He showed 
also, however, that when deprivation of fluid, either from lack of in- 
take, from vomiting, or from diarrhea, persisted over a long period of 
time, a lowering of total solids, red count, and hemoglobin ensued, 
which was attributed to breakdown of body protein with the libera- 
tion of bound water. All of these phenomena might occur at a time 
w'hen the plasma volume was subnormal, and consequently an inves- 
tigation of the concentration of these substances in a unit volume of 
blood was shown to be of limited value in the stud}’ of the water 
economy as a whole in dehydration. Mthough these considerations 
emphasized the fatuity of placing refiance on the indirect evidence 
afforded by changes in the concentration of blood constituents and the 
necessity for direct investigation of blood and plasma volume changes 
in dehydration, such direct determinations have been singularly in- 
frequent. J^Iarriott mentioned some in a general way, but did not 
fully report his data. 

A number of studies made since 1923— for example, those of Hart- 
mann (2) and of Hamilton, Kajdi and Meeker (3}-on the serum or 
plasma concentration of electrolytes in dehydration accompanying the 
infections and digestive disorders of imants have shonm that a lower- 
ing of the total electrolyte concentration is, in fact, rather more com- 

333 



oo4 


BLOOD VOLUME AND ELECTROLYTES 


mon than an increase; and even when dehydration was brought about 
experimentally by reduction of the water intake, Schiff, Bayer, and 
Fukuyama (4) were unable to change the concentration of serum total 
fixed base beyond the limit of error of the method used. If, then, a 
lowering of serum electrolyte concentration of this kind, or even if no 
change in concentration occurs, one must abandon the concept that 
loss of water alone from the blood is the primary event in the develop- 
ment of dehydration, since this would only act to bring about a higher 
concentration of electrolytes. This actual lowering of serum electro- 
lyte concentration in dehydration appeared to Hartmann (2) of suffici- 
ent importance to cause him to postulate that loss of electrolyte from 
the circulation might occur to an extent that required the body to 
retain nonprotein nitrogen constituents for their osmotic action so 
that the normal osmotic pressure of the plasma might be maintained. 
If water alone had been lost to excess, no such difficulty would have 
existed, for the osmotic pressure of the plasma would by that measure 
be increased. The lowering of serum electrolyte concentration could 
theoretically be brought about by dilution of the blood, though in view 
of the loss of body weight and the obvious loss of water from the body 
as a whole, this would seem unlikely; or it could result from loss of 
electrolyte from the circulation. The latter naturally appeared to be 
the more plausible explanation; but the true answer to the question 
is not to be obtained by determinations of concentration alone. 

Harrow and Buckman (5) attacked this problem by making blood 
and plasma volume determinations, together with measurements of 
serum chloride, bicarbonate, protein, conductivity, and freezing point, 
in patients with dehydration. Their most valuable data were ob- 
tained in a small number of patients who, after the initial determina- 
tion during severe clinical dehydration, responded well to therapy and 
were subjected to a second analysis from four days to about five weeks 
later. These patients all showed during the period of dehydration, 
as compared with values obtained after recovery, a diminution of 
whole blood, plasma and cell volumes, and a diminution in total cir- 
culating serum chloride and protein; while from the point of view of 
concentration of dissolved substances in the serum during dehydration 
there was no constant change in chloride, an increase in bicarbonate, 
and a somewhat less marked increase in protein, with no essential 
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change in serum conductivity or freezing point. In the process of 
recovery they showed that an increase in the total plasma volume was 
accompanied by, and presumably brought about by, an increase in 
total plasma water, chloride, and protein in the proportions in which 
these substances are present in normal plasma. They therefore 
suggested that the expression ‘‘oligemia” more accurately depicts the 
blood changes accompanying the clinical picture of dehydration. As 
an explanation of the mechanism of the blood volume and electrolyte 
changes accompanying the dehydration associated with diarrhea in 
infants, however, their material as Just quoted must be interpreted 
with some reserve, since two of their patients were older children with 
encephalitis, one an infant of 16 months with celiac disease, and only 
one belonged strictly to the clinical class of infantile diarrhea. 

We have been able to add to the information pertinent to this 
subject by further studies of blood and plasma volume, with simul- 
taneous determinations of serum electrolyte concentration, during 
clinical dehydration in infants with diarrhea and after recovery. 

METHODS 

Infants with dehydration, manifested by loss of skin turgor, dryness 
of mucous membranes, depression of the fontanel, and recession of the 
ej'^ebalJs, were subjected immediately on admission, and before any 
parenteral fluid had been given, to the withdrawal of about 10 cc. of 
blood for estimation of serum electrolyte concentration, and to de- 
termination of the blood volume by the carbon monoxide method 
(6). Hematocrit determinations, on which the calculation of plasma 
volume was based, were made in a few instances by the Van Allen 
method (7) but in the majority of cases by the heparin method of 
Went and Drinker (8), Serum total base concentration was deter- 
mined by Fiske’s method (9), chloride by the method of Fiskc and 
Sokliey (10), bicarbonate in 0.2 cc. samples by Van Slyke and NeilFs 
method (11), and protein by the method of Greenberg (12). These 
data permitted the calculation of plasma and cell volumes, and of the 
total amount of circulating fixed base, chloride, bicarbonate, protein 
anions, and by difference tlie undetermined acid fraction, comprising 
mainly the organic acids, phosphates, and sulphates. In the calcula- 
tion of bicarbonate, it was assumed that all of the carbon dioxide 
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liberated in the customary determination of the carbon dioxide com- 
bining power was present as bicarbonate ions, regardless of serum pH; 
the inaccuracy so introduced involves no significant error in the final 
calculations. For the calculation of the proportion of the total pro- 
tein present as anions, the formula of Van Slyke, Hastings, Hiller, 
and Sendroy (13) was used, assuming an albumin globulin ratio of 
1.6 and a pH of 7.34; here again, no significant error is introduced by 
basing our calculations on these assumptions. It was further as- 
sumed that determinations of serum electrolyte concentration could 
be applied to calculations of plasma electrolyte content without alter- 
ing their significance. Following these determinations, the patients 
were treated s)nnptomatically for the relief of dehydration through 
attention to the underlying infection and by the parenteral adminis- 
tration of normal salt solution, occasionally also with the use of glu- 
cose solutions or blood transfusions. At the end of a week or more, 
when clinical signs of dehydration had completely disappeared, the 
analytical procedures were repeated in order to obtain figures that 
might be regarded as normal standards for these individuals. The 
diet during the period of treatment was not uniform, but in the great 
majority of cases consisted of a mixture of whole milk with 8.5 per 
cent of cane sugar added, given first, after a preliminary starvation 
period of approximately 24 hours, in amounts yielding 20 calories per 
kilogram per day and increased by daily steps of 10 to 20 calories per 
kilogram per day up to full caloric requirements. AU patients were 
given as much water by mouth as they could be induced to take; oc- 
casionally normal salt solution or 3 per cent glucose solution was sub- 
stituted for tap water. 

The error of the carbon monoxide method of blood volume deter- 
mination cannot be checked in any entirely satisfactory way, but from 
theoretical considerations it is estimated to be less than 8 per cent, 
and the same figure probably applies also to plasma volumes deter- 
mined by this method. The chief source of inaccuracy is undoubtedly 
the fitting of the breathing mask to the patient’s face and the problem 
of keeping it adjusted. This being so, we have been satisfied to forego 
attempts to increase the accuracy of other phases of the determina- 
tion at the expense of the removal of larger amounts of the patient s 
blood. On these grounds we have assumed an average value, based 
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on 54 determinations in normal individuals, for the CO content of the 
infant's blood prior to the administration of CO in the course of the 
test, and we have only single determinations of the blood CO concen- 
tration at the end of the test. The effect of the cMef errors of the pro- 
cedure is to give false high blood volume figures, and we must admit 
the possibility that some of our results err in this direction; on the 
other hand, a false low result is most unlikely. 

CLINICAL PROTOCOLS 

There were 11 patients in the series, ranging in age from 2 to 14 months at the 
time of admission.^ All of them had diarrhea, most of them showed some form of 
parenteral infection, while a few had bacillary dysentery. J^Iost of them showed 
some degree of vomiting. The severity of dehydration was graded from I to 4, 
corresponding roughly to a scale of “slight,” “mild,” “moderate,” and “se- 
vere.” A few of the patients gave perhaps mild but typical pictures of “acute 
intestinal intoxication;” tliis applies to cases 1, 2, 4, 5, 9 and 11. The order of 
arrangement of cases in the following series is based on the change found in plasma 
volume during dehydration. 

Case 1, L. G., girl, age 8 months, had had diarrhea with vomiting for a month. 
She had been nursed for 2 months, tlicn put on a feeding of milk, water, and cane 
sugar. Admission temperature 38.6°C.; dehydration grade 4; very toxic, almost 
moribund. It is likely that pneumonia, the signs of which became definite a day or 
two later, was present at this time. After the first blood analyses, the patient 
was vigorously treated with fluids by intravenous and intraperitoneal injections 
of salt solution and by transfusion of 150 cc, of citrated blood. During the course 
of her illness she developed bilateral otitis media and an acute stomatitis. Paren- 
teral fluids were no longer required after the first week. The second set of blood 
determinations was made 11 days after admission. (Fig. 1.) 

Case 2. }. K., boy, age months, had had vomiting and diarrhea for a h'ttic 
over 24 hours, witli convulsions occurring shortly before admission. He had been 
fed since birth on a weak dilution of condensed milk, lately one teaspoon in four 
ounces of water, and had been offered the breast once a day. Admission tempera- 
ture 39.5‘’C.; dehydration grade 4; toxic behavior; no demonstrable infection. 
After determination of blood volume and scrum electrolyte concentration, he W'as 
given norm.il salt solution intraperitoneally and intravenously, and from time to 
time during the first ciglit days intraperitoneal and subcutaneous injections were 

^ \Vc have omitted from this report the records of three patients whose cell 
volume figures were so high as to justify the suspicion of gross leakage of gas in 
the measurement of blood volume 
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repeated. The second set of determinations was made 13 days after the first 
(Fig. 2.) 
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Fig. 1. L. G. Age, 8 Months. Dehydration, Grade 4. Interval Between 
I and II, 11 Days. Transfusion Immediately After I. 

Salt Solution Parenterally 


In all the figures the determinations are represented in an identical way. The 
first pair of columns depicts total blood volume, separated into cell and plasma 
volumes. The second pair shows the serum concentration of electrolytes, the 
height of the columns or subdivisions expressing molar equivalents as cubic centi- 
meters of n/10 solution. Pr = base bound by protein; U = residual anion. The 
third pair represents the total plasma content of electrolytes in circulation at the 
time of the test, and is obtained by multiplying the plasma volume by the serum 
electrolyte concentration. In each of the three pairs of columns, the one on the 
right, representing determination number II made after recovery, is plotted on a 
scale chosen to show a 100 per cent value for total blood volume, fixed base con- 
centration in the serum, and total plasma content of fixed base. The results of 
determination number I, representing the conditions during dehydration, are then 
plotted to the same scale so that the eye can readily measure the approximate 
percentage deviation from the recovery value. The curve of weight change is 
similarly treated, the recovery figure being given the 100 per cent value. Where 
transfusions have been given between the two determinations, they are plotted 
in to scale between the blood volume columns. The exact figures for the calcu- 
lated percentage deviations are reported in tables 1 and 2. 


Case 3. M. A., girl, age 5 months, had had diarrhea for 9 days. She had been 
nursed only four days, and had then been put on whole cow^s milk with added 
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sugar. Admission temperature 36.6°C.; dehydration grade 3; slightly toxic; no 
demonstrable infection. After the first blood determinations, she was given an 
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Fig. 2. J. K. Age, 2}MoNT:iis. Dehydration, Grade 4. Lntervad Between 
I AND II, 13 Days. Salt Solution Pa renter ally. 
Teaipeilature 39.5° to 36.8°C. 
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Fig. 3. M. A. Age, 5 Montiis. Dehydration, Grade 3. Interval Between 
I and II, 10 D.u's. Salt Solution Parentebuvlly 


inlrapcritoncal mjcclion of salt solution, which was repeated three days later. 
The second set of determinations was made 10 days after admission. (Fig. 3.) 
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Case 4, J. R,, boy, age 3 months, had been having diarrhea for three weeks 
before admission. He had been nursed up to a week before admission, but the 
breast milk supply was suspected of being inadequate. When symptoms com- 
menced, he was at first given supplemental feedings of protein milk; in the week 
preceding admission, he had been weaned to bottle feedings of protein milk, butter- 
milk, and finally barley water alone, without relief of symptoms. Admission tem- 
perature 37.0°C.; dehydration grade 4; toxic behavior; congestion of pharymx; 
thrush; weight 2800 grams, showing that this was an acute illness grafted on a 
severe chronic nutritional disturbance. After the first set of blood determina- 
tions he was given 250 cc. of normal salt solution intrap eritoneally and a trans- 
fusion of 50 cc. of citrated blood. Parenteral fluid injections were repeated from 
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Fig. 4. J. R. Age, 3 Months. Dehydration, Grade 4. Interval Between 
I AND II, 10 Days. Transfusion, 18 cc./kgat. Salt Solution 

Parenterally 

time to time during the first four days, and a second transfusion of 60 cc. was given 
three days after admission. The second determinations were made after an 
interval of 10 days. (Fig. 4.) 

Case 5. C. F., girl, age 13 ^ months, had been having diarrhea for 5 days, with 
fever up to 39.7°C. She had been nursed ever since birth, and had also had a 
variety of table food since the age of 9 months. Admission temperature 39.2°C.; 
dehydration grade 2 ; markedly toxic behavior; bronchopneumonia; B. dysenteriae, 
Flexner type, isolated from stools. After the first blood analyses, she was given 
an intravenous injection of 5 per cent glucose solution and a subcutaneous one of 
normal salt solution. The latter was repeated five times in the next ten days. 
At the end of two weeks the frequency of the movements had greatly diminished, 
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all clinical signs of dehydration had disappeared and she appeared to be thriving, 
although she was still passing mucus and occasionally blood. The second set 
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of determinations of blood volume and electrolyte concentration was made 15 
days after admission. (Fig. 5.) 
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Case 6. R. M., boy, age 4 months, had had diarrhea for S days and vomiting 
for 3 days before admission. He had been nursed for 6 weeks, then fed on con- 
densed milk mixtures. Admission temperature 39.5°C.; dehydration grade 4; 
moderately to.xic behavior; slight degree of congestion of pharyngeal mucous mem- 
brane; B. dysenteriae, Y type, isolated from stools. After the first blood de- 
terminations he was given an intraperitoneal injection of normal salt solution. 
Parenteral administration of salt solution was repeated three times in the first 
five days. By the ninth day, when the blood analyses were repeated, the signs of 
dehydration had disappeared and the diarrhea had greatly diminished in severity. 
(Fig. 6.) 
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Fig. 7. F, B. Age, 2 Months. Dehydration, Grade 3. Interval Between 
I AND II, 9 DAYS. Salt Solution Parenterally 


Case 7. F. B., girl, age 2 months, had been having diarrhea for two weeks, 
vomiting for one week. She had been nursed 4 weeks, then put on a milk-water- 
cane sugar mixture. Admission temperature 37.2°C.; dehydration grade 3; no 
toxic signs; the appearance of the stools, and the absence of evidence of infection 
elsewhere, led to a clinical diagnosis of bacillary dysentery which, however, was 
never substantiated bacteriologically. After the first blood determinations she 
was given an intraperitoneal injection of normal salt solution, with sufficiently 
satisfactory effect that it did not require repetition. The second blood deter- 
minations were made 9 days after the first. (Fig, 7.) 

Case 8, B. J., girl, age 2 months, had had diarrhea for 6 days, vomiting and 
fever for 4 days. She had been nursed for one month, then put on a mixture of 
milk, water and cane sugar; she had also been getting orange juice, prune juice, 
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and a preparation of irradiated ergosterol daily for one month. Admission tem- 
perature 38.0®C.; dehydration grade 2; not particularly toxic; respirations slightly 
increased in depth; no parenteral infection found. After determination of blood 
volume and serum electrolyte concentration, she was given an intraperitoneal 
injection of normal salt solution with temporary relief of dehydration. Paren- 
teral administration of salt solution was resorted to five times in the first seven 
days. No odier type of fluid was used, nor was alkali given by mouth. The 
second set of blood determinations was made 16 days after the first, (Fig. 8.) 


Cast 9. W. E., boy, age 7 months, had had fever and diarrhea for four days, 
vomiting for three days. He had been nursed for two months, then put on a 
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Fig. S. B. J. .Age, 2 Months. Deuydr^vtion, Gig\de 2. Interval Between 
I AND II, 16 Days. Salt Solution Pauenteilvlly 


mixture of milk, water, and d ex trimaltose; recently he had been getting a little 
supplemental solid food. .Admission temperature 38.0®C.; deliydration grade 2; 
markedly toxic behavior; no parenteral infection found. After the initiM deter- 
mination of blood volume and scrum electrolyte concentration, he \s'as given 
5 per cent glucose solution intravenously and normal salt solution intrapcritoneally. 
The response was unusually well sustained, no further parenteral fluid adminis- 
tration being required. The diarrhea had subsided by the end of four days. The 
second set of blood analyses was made 8 days after admission. (Fig. 9.) 

Case 10. M, K., girl, age 8i months, had had diarrhea and marked pros- 
tration for three days. She had been nursed for two months; the subsequent feed- 
ing history could not be satisfactorily obtained. .Admission temperature 37.4®C,; 



344 


BLOOD VOLUME AND ELECTROLYTES 


dehydration grade 2; not markedly toxic at first, but both dehydration and pros- 
tration increased in the first five daysj pjmria was first discovered four days after 
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Fig. 9. W. E. Age, 7 Months. Dehydration, Grade 2. Interval Between 
I and II, 8 Days. Glucose and Salt Solution Parenterally 
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admission. After the first set of blood determinations she was given an intra- 
venous injection of normal salt solution. During the first nine days in the bos- 
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pital she required parenteral administration of fluids eight times, and a transfusion 
of 200 cc. of citrated blood was given on tlie fourth day after admission. Both the 
diarrhea and dehydration had cleared up at the end of two weeks, and the second 
set of blood analyses was made 17 days after the first (Fig. 10.) 

The subsequent course of this patient has established the basic diagnosis as 
pyelonephritis secondary to ureteral stricture. None of the subsequent febrile 
attacks, of which there have been several, has been associated with dehydration 
of any severe degree. 

Case II, G. V., boy, age 14 months, had had diarrhea for 5 days and vomiting 
for one day. He had been nursed since birth and had had indefinite amounts of 
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Fig. 11. G. Age, 14 Months. Deuydigvtion, Grade 1. Interval Between 
I AND U, 23 Days. Glucose and Salt Solution pARENTERyXLLY 

table food in addition. Admission temperature 38.2'’C.; dehydration grade 1; 
in contrast, the toxic behavior was marked; B. dysenteriae, Y t>'pc, isolated from 
the stools. After the first blood anab'ses, he was given 5 per cent glucose solu- 
tion intravenously and normal salt solution intraperitoneally. Although the toxic 
symptoms cleared up quickly, diarrhea and dehydration persisted for several days. 
A week after admission the skin and subcutaneous tissues showed a more marked 
degree of dehydration than on admission; yet the patient spent a good part of Hie 
day standing up in his crib. Parenteral administration of salt solution was re- 
peated on the ninth day. The second set of blood analysts was made 23 days after 
the first. (Fig, 11,) 
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Determination number I made during dehydration, number II after recovery. 

riic percentage change is obtained by the formula so that the change is expressed as the deviation, during dehydration, from the 

value obtained on recovery. 
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ANALYSIS OF RESULTS 

Blood voUwte. In table 1 are given the figures for absolute blood 
volume and blood volume per kilogram of body weight. It will be 
seen that there is not a constant direction of deviation, during dehy- 
dration, from the recovery value; some patients showed no significant 
alteration, others a marked decrease in the total amount of blood in 
circulation. The average change proves to be a decrease of about 8 
per cent below the value after recovery, but this figure has little sig- 
nificance as an average in view of the dispersion of the results between 
the extremes of -f4 and —20 per cent. No correlation was found 
between the amount of reduction in circulating blood volume and tjie 
severity of dehydration as judged by the usual clinical standards. It 
is evident from these data that the volume of circulating blood need 
not necessarily show a diminution even when the subcutaneous tis- 
sues are markedly dehydrated (cases 1, 2, 6). For further analysis 
of the changes in the total volume of circulating fluid, the plasma and 
cellular components are considered separately. 

Plasma volume. Two of the patients showed an apparently signifi- 
cant increase in plasma volume during dehydration (table 1), four of 
them no significant change, and five a distinct diminution. The work 
of previous investigators on the dehydration of infants and children 
(5) and on that of adults in diabetic coma (14) had led us to anticipate 
a reduction of plasma volume wherever, as in our series, signs of dehy- 
dration of the subcutaneous tissues were present. In the light of our 
own studies, however, we believe that this view must be modified. 
On comparison of the plasma volume changes with changes in cell 
volume (table 1), it will be seen that of the first three patients, two of 
whom showed a significant increase and one a questionable increase in 
plasma volume during dehydration, all showed a dirahiution of cell 
volume. If our results had been the outcome of experimental error 
in the determination of the blood volume, both plasma and cell vol- 
ume changes would have been in the same direction, and their diver- 
gence is to this extent a confirmation of their validity. It is likely 
that in patients with dehydration as it is encountered in clinical studies 
of disease there are in simultaneous operation, in addition to the forces 
tending to lower the plasma volume on account of the demand for 
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fluid in other parts of the body, other influences acting in the direction 
of plasma volume increase. We have shown in experimental animals 
(15), as Soule, Buckman and Darrow (16) and as Eppinger and Schur- 
meyer (17) have shown in man, that in the presence of fever the plasma 
volume tends to be augmented. Many of our patients, as will be 
seen from Table 1, did have fever at the time the first blood volume 
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-31 

10 
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97 
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32.0 

-39 

16.9 

12.9 

+31 

28.5 

12.1 

+136 

11 

147 

! 155 

1 

1 -5.2 

79 

103 

-23.3 

31.1 

28.7 

+8 

16,2 

16.2 

0 


7.1 

+ 192 


Determination number I made during dehydration, number II after recovery. 

The results of determinations are expressed in cubic centimeters of n/10 solution. 

The percentage change is obtained by the formula so that the change is express 


determination was made; though it is likewise true that this was not 
confined to those patients showing an increase of plasma volume dur- 
ing dehydration. The two patients^ cases 1 and 2, however, who 
showed a significant increase, also had fever. The most marked losses 
of plasma volume were found in patients with temperatures lying be- 
tween 37.0 and 38.2°C. 

Two general methods of visualizing the mechanism of plasma water 





















u 

f ^ 

I 

11 

He 

ll 

r 

II 








N/JO 

Ptr 

100 

cc. 


'Alio 

PerlOO 

cc. 

cc. 

N/iO 

perm 

cc. 


cc. 

St 10 

periDO 

cc. 

cc. 
AflO 
per 100 
cc. 

309 

-2.5 

181 

201 

-10.0 

46 

57 

265 

+7 2 

191 

186 

+2.7 

37 

48 

298 

-0.3 

196 

202 

-3,0 

38 

43 

192 

-7,8 

121 

, 123 

i -1.6 

[ 20 

31 

486 

-17.9 

255 

1 311 

-18.0 

54 

74 

342 

-5.3 

187 

222 

-15.8 

SS 

, 59 

301 

-23.6 

156 

208 

-25.0 

22 

44 

262 

-22.5 

144 

170 

-15.3] 

19 

42 

515 

-29 9 

231 

328 , 

-29.6 

52 

75 

510 

-23 5 

234 

324 

-27.8 

47 
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210 

390 
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ng dchydralion from the value obtained on recovery* 

interstitial reservoirs of the subcutaneous tissues, to regions of im- 
perative fluid demand— in cases of diarrhea, the intestinal lumen, 
'riiis concept envisages the possibility of a normal water content of 
the blood coexisting with a reduced water content of the tissue 
reservoirs, and is obviously more in keeping with the results of our 
own analyses. 

The extent of plasma reduction in some of the patients of our series, 
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amounting to 25 or 30 per cent in some instances, will be of more in- 
terest when discussed later in conjunction with parallel changes in 
plasma electrolytes. 

Cell volume. Both increases and decreases were found. While 
the percentage changes between the two sets of determinations were 
in many cases quite marked, the absolute changes were not large 
enough to alter materially our interpretation of parallel plasma volume 
behavior, even supposing that a replacement of plasma by cells 
were shown to be a normal physiological exchange. It is not likely 
that in our patients rapid changes of cell volume were taking place, 
except in those mentioned as having been transfused. The interval 
between determinations was long enough, however, to e.xplain changes 
dependent on more slowly-acting forces, either in the direction of cell 
volume increase from growth of the blood as a tissue or in the direc- 
tion of diminution from blood destruction as it occurs in infections. 

Electrolyte concentration. The changes in the serum concentration 
of total fixed base, chloride, bicarbonate, protein anions, and unde- 
termined acid fraction (table 2) are similar to those previously de- 
scribed by other workers. The dominant alteration during dehydra- 
tion in our series was in the direction of a lowering of concentration of 
fixed base, chloride, and bicarbonate and an increase in concentration 
of protein. In a series clinically similar to ours, Hamilton, Kajdi, 
and Meeker (3) found that 56 per cent showed a subnormal concen- 
tration of total base, 40 per cent a low chloride value. The higher 
figures for total fixed base and for chloride which Hartmann (2) re- 
ported may have depended on the fact that his series consisted mainly 
of patients who were much sicker than ours and who may well have 
suffered a true anhydremia. Only one of our patients (case 8) showed 
the increase in chloride concentration at the expense of bicarbonate on 
which he has laid stress as a common cause of the acidosis accompany- 
ing this condition. 

Total plasma electrolyte content. We would lay more emphasis, on 
the other hand, on the data we present concerning the total amount 
of electrolytes in circulation in the plasma (table 2). The majority 
in our group showed during dehydration a loss from circulation of 
total plasma fixed base, and eight out of the eleven a definite diminu- 
tion in the total plasma chloride. The percentage loss of these sub- 
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stances is in the great majority of instances larger than the percentage 
loss of plasma volume, so that if we measure the loss of water from the 
plasma by the loss of plasma volume, it is clear that what the circula- 
tion may lack during dehydration is not water alone but water and 
electrolytes together; and that the lack of electrolytes may be propor- 
tionately more severe. From the standpoint of the therapeutic im- 
plications of these studies it is equally dear that one cannot under 
these circumstances expect to relieve the symptom of dehydration 
by the administration of water alone or of water in combination with 
non-electrolyte substances such as glucose. 

Coviposilion of fluid leaving the plas7na in dehydration. Some idea 
of the composition of the fluid lost from the plasma may be obtained 
by calculating the composition of the plasma increase during the period 
of recovery. The errors involved in such a computation are rather 
large, and preclude a too strict or literal interpretation of the results; 
moreover, only when the change in plasma volume from dehydration 
to recovery is great are these errors sufhciently small to justify such a 
calculation. For this reason we shall report the composition of 
the lost plasma fluid only in Case 11, in which the change in plasma 
volume was greatest and that in cell volume was not appredable. It 
is understood also that this involves the precarious assumption that 
the transition from health to the dehydrated state involves exactly 
the opposite change from that observed during the interval between 
dehydration and the second determination of plasma electrolytes. 
For this patient, the composition of the lost plasma so calculated was: 

«..Y/ia per mu. 


Total llxcd base 174 

Chloride 159 

Bicarbonate 2J 

Protein 16 

Undetermined acids —24* 


• The minus sign means that these antons entered tlic circulation as the others left it. 

It will be observed that this represents a hypertonic solution of elec- 
trolytes, The errors of determination referred to deter us, how- 
ever, from making therapeutic recommendations based on these 
obserN'ations, 

Factors determining acidosis. This report includes no e,xaraples of 
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the more severe forms of acidosis. There are certain features however, 
which may throw light on the mechanism of development of aado.s 
under the conditions prevailing. If we arrange the cases m a series 
in the order of increasing concentration of serum bicarbonate at the 
time of dehydration, plot the curve of bicarbonate determination, 
and on the same coordinates plot the curve of other ^^^^lons in the 
same order of cases, the Mowing tendencies are suggested: (1 The 
patients with low serum bicarbonate are those with f^bnormal ^ 
Lrature with a high concentration of serum chloride, and with a 
mlatively large amount of total circulating plasma chloride as shown 
by the figures for the total plasma chloride during dehydration per 
kilogram of body weight at that time. (2) There is 
between the tendency to acidosis and the degree o ^ 
plasma volume during dehydration (since this diimnution my 
brought about by a loss of water bound to a neutral ^ j 

trolytes) , nor is there a demonstrable relationship to the to a 
of base lost from the plasma. (3) On the other hand, t e p 
with low bicarbonate were those showing a low percentage 
chloride from the plasma; in other words, if the fluid los^ ro ^ 
plasma during dehydration is accompanied by a relative y 
amount of base bound to chloride, acidosis is not ^ jg. 

adds confirmation to the now familiar conception (2,3,) 
tention of chloride (or smaller loss relative to base loss) is a 
factor in the acidosis of diarrhea. (4) It can also be s 
there is a large loss of base not bound to chloride, and }n 

bound to weak acids, acidosis tends to appear. It must^ e ^ 
mind, however, in the interpretation of correlations of this n 
the method gives no clue as to which of two variables is 
which effect, or whether any such causal relationship exists a 
With regard to the therapy of acidosis in the presence o 
serum chloride concentration, one of our patients (case ) 
rapid and satisfactory recovery, with restoration of serum ic 
to normal, after the parenterah administration of salt 
and without the use of bicarbonate or any other alhali y 
If, as now seems most likely, such chloride retention arises ro . 

• t ^ 1 T '' * its ^ 

tional derangement of the kidney whereby the * ^ 

to eliminate chloride bound to th^^ ammonium 



R, MCINTOSH, L. KAJDI AND D» MEEKER 


353 


the restitution of a normal serum electrolyte balance is shown in this 
instance to be possible when kidney function is restored by whatever 
means—whether by the Injection of salt solution or of some prepara- 
tion like glucose solution chosen presumably for its diuretic effect (2). 
Moreover, the experience in this case shows that it is not invariably 
necessary, in the presence of a chloride acidosis, to resort to alkali 
therapy provided adequate measures are taken to restore active secre- 
tion of urine. 

Dehydration of subciitnneous tissues. The degree of dehydration of 
the subcutaneous tissues, as estimated by the crude quantitative 
standards described and separated into four grades, shows a sugges- 
tive correlation with changes in blood volume in the sense that the 
milder cases of dehydration suffered the greater diminution of blood 
volume. In this respect the behavior of plasma volume was more 
striking. In a series of this size, this may be simply a coincidence; 
certainly such a correlation was not anticipated, for one might have 
expected just the opposite — namely, that the patients with most 
marked lowering of plasma volume would also show the most marked 
dehydration of the subcutaneous tissues by the usual clinical tests. 
An explanation for this apparent discrepancy may lie in the factor of 
the time required for plasma loss to be replaced from intercellular 
fluid reservoirs, so that when diarrhea has been going on for only a 
short time the resulting plasma loss has not been met and the plasma 
has been affected more than the subcutaneous tissues. Of the pa- 
tients with ‘^slight” or ‘Md” dehydration, the average duration was 
4 days; of those with “moderate" or “severe” dehydration, the aver- 
age was 15 days. On the other hand, there is evidence from other 
sources that the response of fluid reservoirs to a need for fluid on the 
part of the circulating plasma is met in a much shorter time— a matter 
of minutes. When the body temperature in rabbits is raised, an in- 
crease of plasma volume may be detected within an hour (15); and 
Curtis (20) has shown that a diuresis equivalent to about one-third 
the entire blood volume may occur within 50 minutes in response to 
injection of a theophyllin derivative, the fluid presumably being drawn 
from intercellular reserv’^oirs and conveyed to the kidneys, of course, in 
the blood, A satisfactory discussion of dehydration of the subcutane- 
ous tissues obviously must await the dev*elopment of better means of 
measuring it. 
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We were not able to demonstrate any close correlation between the 
severity of “toxicity” and changes in the circulation such as alterations 
of blood or plasma volume or of the concentration or the total amount 
of circulating electrolytes. Neither could we show any relationship to 
serum protein concentration, an increase of which is according to 
Schiff (19), so closely bound up with the origin of intestinal intoxica- 
tion. In our series, it by no means followed that the patients show- 
ing the most marked lowering of bicarbonate e.xhibited also the most 
toxic behavior. As long as the means of obtaining a quantitative 
measure of the degree of this so-called into.xication are as crude as they 
are at the present time, the investigation of its origin promises many 
difficulties. 

Plasma proteins. The behavior of the plasma protein component 
was not uniform: sometimes dehydration was accompanied by a 
decrease in the total plasma protein (though with no change in serum 
protein concentration), suggesting that the fluid leaving the circulation 
under these conditions contained protein in addition to inorganic elec- 
trolytes and may possibly have approached the compositon of normal 
plasma, as found by Darrow and Buckman (5); at other times, there 
was a decrease in total plasma protein during convalescence from de- 
hydration, a possible explanation for which is the starvation to which 
the patients were subjected in the course of their treatment. The 
plasma protein changes did not parallel the cell volume changes. 

Comparison of blood during dehydration with normal averages. We 
have already referred to the questionable validity of the assumption 
that the second set of determinations made in our series represents 
normal values for that individual. Granted that the patient had been 
through a serious illness and a period of more or less strenuous treat- 
ment, we can only say that he showed at the second analysis no clini- 
cal evidence of dehydration, and we have reported these values as 
found. 

Another course is open to us, in that we can compare the values 
found during dehydration with normal values obtained with the same 
technique (3, 6), the normal blood volume being calculated on the 
basis of the body w'eight. Since this allows us to include patients in 
whom determinations w'ere made during dehydration but whose death 
prevented our obtaining a second set for comparison, the series can be 
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augmented to 19 cases. Without reporting this analysis of data in 
detail but simply using it as a check on the results already given, we 
find that it essentially substantiates the statements made in regard to 
blood and plasma changes in dehydration of this type, 

SXJMMARY 

Eleven infants suffering from dehydration associated with diarrhea 
were subjected to simultaneous determination of total blood volume 
and serum electrolyte concentration, both during dehydration and 
after recovery. In the presence of acute symptoms of dehydration 
some patients showed no essential change in total blood volume, while 
others showed a diminution amounting to 20 per cent of the recovery 
value. When this reduction was marked, it involved principally the 
plasma fraction, in one instance to the extent of 30 per cent of the re- 
covery figure. There was no close parallelism between the diminution 
of plasma volume and (1) the degree of dehydration of the subcutane- 
ous tissues as determined by clinical criteria or (2) the severity of 
toxic symptoms. Most of the patients showed during dehydration 
a decrease in the serum concentration of total fixed base, chloride, and 
bicarbonate; but tire degree of acidosis, as measured by the serum 
bicarbonate concentration, could not be correlated with changes in 
blood or plasma volume, since the patient whose plasma loss was 
greatest for the whole series had a higher bicarbonate concentration 
on admission than after recovery. Before treatment had been given, 
the lowering of the total plasma electrolyte content was sometimes 
even greater than the loss of plasma water, when measured as per- 
centage deviations from the presumably normal values found after 
recovery. Protein was often included among the electrolytes lost 
from the plasma during dehydration, so that the composition of the 
fluid leaving the circulation was comparable to that of plasma of nor- 
mal protein and bicarbonate content but concentrated in respect to 
fixed base and cliloride. 

The factors governing the development of acidosis associated with 
dehydration and diarrhea have been briefly discussed, but little em- 
phasis is placed on acidosis as a symptom, since it was not prominent 
in tills series. One patient suffering from a moderate degree of acido- 
sis due to a high concentration of serum chloride was successfully 
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treated without the use of alkalis and by parenteral injection of sodium 
chloride solution alone. 

The factors influencing the degree of dehydration of the subcutane- 
ous tissues and the severity of toxic manifestations cannot be satis- 
factorily discussed until more reliable criteria for their quantitative 
evaluation are available. 

As a check on the assumption that the second set of determinations, 
made after recovery from dehydration but not always at a time of 
complete clinical recovery, represented normal values for the indi- 
vidual studied, the figures obtained during dehydration were compared 
with normal values obtained by applying the same technical proce- 
dures to healthy infants. This comparison substantiated the results 
already expressed. 
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In the course of studies on the excretion of various chemicals by the 
liver, it was discovered that sodium salicylate, and the sodium salt of 
diiodosalicylic acid did not appear in the bile of the rabbit, in determi- 
nable quantities, after intravenous administration of 4 cc. of a one per 
cent solution per kilogram of body weight (1). In view of the differ- 
ences of opinion regarding the action of sodium salicylate on the 
biliary system as a cholagogue and as a bactericide (2), it seemed 
desirable to investigate the excretion of this compound by the human 
subject. The following is a brief record of experiments on three 
patients: two of these were cholecystectomized, and subsequently 
drained bile through their common hepatic duct; while one drained 
bile through a cholecystostomy. 

iiETHon 

All three patients received by mouth a single dose of 20 mgm. of 
sodium salicylate per kilogram of body weight. Samples of bile and 
urine were obtained before administration of the compound, and sub- 
sequently the bile and urine were collected at specified intervals for a 
period of 12, 40 and 64 hours respectively. The following method was 
employed to determine the presence of sodium salicylate: 

Treat 10 cc. bile (or urine) with 90 cc. saturated sodium bicarbonate 
solution. Extract the alkaline solution with 200 cc. redistilled ethyl 
ether three times. Discard the ether extract. Neutralize the alkaline 
solution with 7 x sulphuric acid, using congo red paper as an indicator, 

* This work has been coaduclcd under the joint auspices of the Otho S. A. 
Sprague Memorial Institute and the Douglas Smith Foundation for Medical 
Research. 
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and add 2 cc. of sulphuric acid in excess. Extract the free salicylic 
acid three times with ethyl ether, using 200 cc. for each extraction. 
Test the aqueous extract for the presence of phenols with a drop of 
ferric chloride. Remove the ether by passing dry air over the dish. 
Add 1 to 1.5 cc. of saturated sodium bicarbonate solution to the 
residue and wash quantitatively into a 25 cc. glass stoppered graduated 
cylinder. Dilute to 20 cc. with distilled water. The salicylic acid is 
determined in 10 cc. of this liquid by the Millon reaction as modified 
by Folin and Ciocalteu (3) . The color is compared with that produced 
by 5 mgm. of salicylic acid in 10 cc. of a solution of equivalent alkalinity 
to the test solution. 


CLINICAL OBSERVATIONS 

1. E. P., a housewife of 66 , was operated on December 3, 1929, to relieve an 
obstructive jaundice due to stones in the common bile duct. Choledochotdmy 
and cholecystectomy were performed, and a catheter left in place, draining 
the common hepatic duct. The gallbladder showed gross and microscopic 
evidence of a chronic cholecystitis. Three mixed gallstones (from 0.5 to 1 cm. 
in diameter), composed mainly of cholesterol and calcium bih'rubinate, were re* 
moved from the ductus choledochus, and four more were found in the gallbladder. 
The stools remained acholic imtil the 26th of December, 1929. Postoperative 
convalescence was uneventful. Our experiment began on the 8th of December, 
1929. At 8 a.m. samples of bile and urine were collected and 1.2 gram of sodium 
salicylate was given by mouth. The bile and urine were then collected in hourly 
samples for 12 hours and tested for their sodium salicylate content by the method 
outlined above. The flow of bile averaged about 24 cc. per hour (with a minimum 
of 8 and a maximum of 48 cc.) and totaled 290 cc. for the 12 hours. Sodium 
salicylate could not be detected in any of these bile samples. The urine totaled 
1381 cc. for the same period. This contained a total of 0,584 gram of salicylic 
acid, corresponding to 0.68 gram of sodium salicylate. 

2. I. M., a housewife of 35, was operated on October 18, 1929, to relieve symp- 
toms due to chronic cholecystitis with cholelithiasis. The excised gallbladder 
showed gross and microscopic evidence of a mild chrom’c cholec 3 'stitis, and con- 
tained about 100 mixed gallstones (from 3 to 10 mm. in diameter), of the facetted 
type, composed mainly of cholesterol and calcium carbonate. Following this 
operation, the patient became jaundiced and the stools acholic. At a subsequent 
laparotomy on October 29, 1929, the obstruction was relieved and a T tube was 
left in place in the common and hepatic ducts. The stools were still acholic when 
our experiment began on the 30th of November, 1929. At 8:30 p.m. samples of 
bile and urine were collected, and 1 gram of sodium salicylate was given by mouth. 
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The bile and urine were collected for a period of 40 hours following the adminis- 
tration of sodium salicylate. Determinations were made on the bile obtained up to 
the end of the 16th (60 cc.) and the 40th (70 cc.) hours. Neither sample contained 
any sodium salicylate. The urine collected up to the end of the 34th (870 cc.) 
and the 40th (185 cc.) hours, following the administration, contained a total of 
0.191 gram of salicylic acid, corresponding to 0.222 gram of sodium salicjdate. 

3. C. W., a housewife of 44, imderwent operation on the 1 7th of December, 1929, 
because of symptoms and signs indicative of cholecystitis with cholelithiasis. 
Multiple melanotic tumor nodules greatly enlarged the liver. A cholecystostomy 
was performed, and the gallbladder emptied of about 150 mixed gallstones (from 
2 to 8 mm. in diameter) of the facetted type composed mainly of cholesterol, 
calcium carbonate and calcium bilirubinate. On the 16th of December, 1929, at 
9 p.m., i.e., IS hours operation, 1.2 gram of sodium salicylate had been given 
by mouth. The quantity of bile obtained from the gallbladder at operation was 
insufficient for a test. The bile and urine were collected for a period of 64 hours 
following the operation. Determinations were made on the three samples of bile 
obtained at the end of the 16th (178 cc.), 40th (60 cc.) and 64th (57 cc.) hours 
following the operation. Sodium salicylate could not be detected in any of these 
samples. The four specimens of urine obtained up to the end of the 12th (229 cc.), 
28th (118 cc.), 40th (300 cc.), and 64th (450 cc.) hours following the operation, 
contained a total of 0.566 gram of salicylic acid, corresponding to 0.655 gram of 
sodium salicylate. 


COMMENT 

The principal route for the elimination of sodium salicylate, accord- 
ing to the above observations, is the urinary tract. Sodium salicylate 
does not appear in the bile in recognizable amounts following oral 
administration of doses of 20 mgm. per kilogram of body weight. It 
is, therefore, reasonable to assume, that, whatever beneficial effect 
may follow the administration of this drug in diseases of the biliary 
system, is not due to the presence of salicylate in the bile. 

SUiliLVRY 

Three patients, two with drainage tubes in the common hepatic 
duct following cholecystectomy, and one with a cholecystostomy, 
were given a single dose of sodium salicylate (20 mgm. per kilogram of 
body weight), and the bile and urine collected for a period of from 12 
to 64 hours following the administration. The data obtained indicate 
that the urinary tract is the principal route of elimination, and that 
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salicylate does not appear in the bile, following oral administration of a 
medicinal dose to patients with diseases of the biliary system. These 
observations are in accord with data obtained in healthy rabbits. 
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the tolerance of noraial subjects to levulose 

Factors Iotltjencing the Variations in Rise in Blood Sugar 
By NORMAN JOLLIFFE 
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IMacLean and de Wesselow (1) examined the type of blood sugar 
curves obtained in normal and diabetic subjects. They suggest that 
such curves rise very slowly or fail to rise during the second thirty 
minute period following administration of sugar by mouth, due to 
stimulation of the glycogen storage mechanism wWch abstracts ^e 
sugar from the blood more quickly than it enters. They beheve that 
this dormant glycogen-forming function of the liver does not begin to 

act until the sugar concentration approaches 140 mgm. percent. That 

the glycogen-storing function is stimulated by hjTerglyccmic levels is 
supported by Foster (2). He found that oral atoinistration of 
glucose, when the concentration of the blood sugar is faUing, results in 
little or no increase in blood sugar. This observaUon of Foster has 
been amply confirmed, especially by the work of du V.gneaud and 
Karr (3) and later by Lennox and BeUinger (4). 

That there is a relation between the fasting blood 
rise above the fasting level following the a imis “ 
mouth seems borne out by this investiga on. i 

intimately concerned ivith the mechanism by whch 

• • Tiinnfl suf^tir level iis recently stiown oy 

maintains his fairly “^le and Maddock (6) and Sweeney 

Jonas and his associates (o;, irimuic Kinnri cufy'ir 

(7) They show that the normal subject maintains a blood sugar 

divi,stacUvlfa aste>l,steP. 'vbo ’studied the tisc in 

Schirokauer (8) was the ^^ation of levulose. Ho found 

blood sugar following the oral admim 

3()3 

TBt JOCKKAt OF CUKICAld iNVCSnOiTtO, VOU ‘ 


364 


NORilAL TOLERANCE TO LEVULOSE 


in normal subjects little or no rise in blood sugar. This work was 
confirmed by other German investigators (9) (10). Maclean and 
de Wesselow (1) found levulose to be the only sugar which caused no 
definite rise in blood sugar in normal subjects. Following up this 
work, Spence and Brett (11) administered levulose according to body 
weight to fasting subjects. Using MacLean’s blood sugar method and 
30 minute samples for two hours, they foimd the maximum rise in 
blood sugar to be 12 mgm., and the highest blood sugar obtained to be 
112 mgm. per cent. Five normal subjects were studied. Tallerman 
(12) giving 45 grams of levulose irrespective of the weight to 15 
normal subjects concluded that the minimum criteria for an abnormal 
response to levulose to be: (a) a rise in blood sugar to 135 mgm. per 
cent, and, (b) an absolute rise of 30 mgm. above the fasting level. 
Brown (13) giving 20 to 30 grams of levulose to children considers a 
rise in blood sugar of 30 per cent of the fasting level as evidence of 
hepatic damage. 

PURPOSE OP THIS STTOY 

In attempting to evaluate the results of the levulose tolerance test 
in a group of patients suspected of having impaired liver function 
(14) it was found that there was no general agreement of the criteria for 
interpretation of the results. . It was then decided to apply the test 
to a group of normal subjects, large enough to be statistically treated in 
order to determine: 

(1) The average normal levulose tolerance test. 

(2) Factors influencing the type of curve obtained. 

(3) The changes in tolerance to levulose on repetition of the test. 

(4) Criteria for interpretation of the test. 

ilETHOD 

This investigation extended over a period of eleven months from 
April, 1929. During this time 81 levulose tolerance tests were per- 
formed on 49 subjects. Forty of these tests were performed on 32 
convalescent patients on the wards of The Third (New York Univer- 
sity) Medical Division of Bellevue Hospital. The subjects selected 
were convalescing from acute infections, who had had normal tem- 
perature for ten days and who had been ^'up patient” for at least three 
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days. For normal subjects, 17 senior medical students were studied. 
Forty-one tolerance tests were performed on this group. On repetition 
of the test the same amount of levulose was given as on the first trial, 
and an interval of at least 7 days was allowed between tests. Prior to 
the test all subjects were fasted for 14 hours and reported to the 
laboratory wthout breakfast. After a sample of fasting venous blood 
was obtained, 30, 40, or 50 grams of levulose dissolved in 250 cc. of 
water were given by mouth. Subjects weighing between 50 and 75 
kilos (110 and 165 lbs.) were given 40 grams. Those weighing over 
75 kilos were given 50 grams, and those under 50 kilos were given 30 
grams. Venous blood samples were obtained at 30, 60, and 120 minute 
intervals following the administration of the levulose. The protein 
was precipitated with tungstic add by the method of Folin and Wu 
(15) within five minutes of obtaining the sample of blood. Sugar was 
determined by the method of Folin and Wu (15). A Klett bio- 
colorimeter was used and all readings were made by the same in- 
dividual. The levulose used was Pfanstiehl 90 per cent grade which 
is ‘‘practically free from all other sugars, the impurities being caldum 
levulosate and moisture” (16). 


RESULTS 

Table 1 gives each of the individual tests arranged according to the 
fasting blood sugar level. The maximum blood sugar reached was 
121 mgm. per cent (Test 66) in a normal subject. The fasting level 
in tins instance was 96 mgm. giving an absolute rise of 25 mgm. in 
blood sugar. In test 69 a maximum blood sugar of 117 mgm, per 
cent was obtained with a fasting level of 97 mgm., giving an absolute 
rise of 20 mgm. In the remiuning 79 tests (97.5 per cent) the maxi- 
mum blood sugar did not exceed 115 mgm. per cent. The maximum 
rise in blood sugar above the fasting level was 31 mgm. (Test 1) with a 
fasting level of 69 mgm. per cent. It is noted that rises in blood sugar 
of more than 25 mgm. above the fasting level occurred in only 6 tests, 
(Tests 1, 2, 3, 5, 7, 13), and in each instance the fasting blood sugar 
was 80 mgm. per cent or less. 

The average or composite of all 81 tests is given in tabic 2, and is 
graphically sho\vn in figure 1. In this cur\'e it will be noted that the 
rise in blood sugar was 10.1 mgm. occurring at the 30 minute period. 



TABLE I 


The results of SI JevuJose tolerance tests on -i9 subjects arranged according to the height of the 

fasting blood sugar level* 


Test 




Blood sugar 





Fasting 

30 minutes 

60 minutes 

120 minutes 

Rise 

1 

2 

3 

4 


mpn. per cent 

69 

70 

71 

74 

Ksnn per cent 

100 

81 

95 

96 

mgm. Per cent 

90 

95 

97 

81 

mgm, per cent 

70 

100 

86 

SO 

mgm, per 
cetU 

31 

30 

26 

12 

Composite of tests 1-4 

71.0 

93.0 

90.7 

84.0 

22. Ot 

5 


76 

S3 

104 

SO 

28 

6 


76 

90 

84 

79 

14 

7 


76 

92 

105 

88 

29 

8 


77 

98 

100 

96 

23 

9 


77 

91 

86 

84 

14 

Composite of tests 5-9 

76.4 

90.8 

95.8 

85.4 

19. 4t 

Composite of tests | 
10-25 

81.8 ±1.7 ; 

93.5 ±6.8 

92.8 ±7.1 



Per cent of obser- 

M 

75 

59 

68 


1 

vations within \ 

2<r 

100 

100 

87 



range of ! 


100 

100 

100 



Composite of tests 
26-40 

87.0 ±1.4 

98.0 ±6.2 

'96.2 ±7.9 

86.0 ±6.7 

11. ot 

Per cent of obser- 

r 

62 

78 

75 

75 


vations within ^ 

2. 

100 

100 

93 

100 


range of 


100 

100 

100 

100 


Composite of tests 
41-61 

92.0 ±1.3 

101.6 ±6.3 


90.6 ±5.5 

9.6t 

Per cent of obser- I 

1 Icr 

71 

66 

76 

76 


vations within < 

2cr 

100 

95 


95 


range of I 

[3(r 

100 

100 




Composite of tests 
62-75 

96.Sdbl.3 

104.8 ±7.0 

99.7 ±7.3 

91.0 ±5.6 

8.0t 

Per cent of obser- j 

T(r 

64 

57 

85 

78 


vations within s 

2ar 

100 

93 

93 

100 


range of | 

3ff 

100 

100 

100 

100 



* The individual tests are omitted in the groups of sufficient size to permit of statistical 
analysis. 

t a = Symbol meaning the Standard Devi ation d erived from the formula 

when Z — Symbol meaning the sum of. 

□ = Delation from the mean. 

X = Number of observations. 

J The rise in the composite cur\'e. 
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TABLE l~^Co»cIuJrd 


Test 


Blood sugir 



Fasting 

30 minutes 

€0 minutes 

120 minutes { 

Rise 

76 

77 

78 

79 1 

- 1 

mtm. per cent 

100 

100 

100 i 

103 ; 

m jw. per cent 

103 

100 

109 

109 

mgm. per cent 

111 

115 

90 

104 

mgm. per cent \ 

98 i 

86 ! 

86 i 

103 

irtgnt. per 
cent 

11 

15 

9 

6 

Composite o£ tests 
76-79 

100.8 

i 

105.2 

1 100.5 

i 

i 93,2 

1 

4.4t 

80 1 

105 

98 


93 

Nil 

81 ; 

112 ! 

111 


97 

Nil 

Composite o£ tests 
80-81 

108.5 

104.5 

1 

101.0 

95.0 

NUt 


At tile 60 minute period the blood sugar is practically unchanged, 
but at the end of the 120 minutes it has returned to slightly below 
the fasting level. Statistical methods (17) were applied to these data 
to see if the sample was of sufficient size. The standard deviation 
from the mean was determined for each interval. To be statistically 
true about 66 per cent should fall within the range of the standard 
deviation, and 05 and 99 per cent of all observations should fall 
within the range of two and three times the standard deviation 
respectively. In this series (table 2) the above criteria are fulfilled. 
The maximum blood sugar allowed by three times the standard 
deviation is 124 mgm. per cent. Since 97.5 per cent of all tests did not 
exceed 115 mgm. per cent, and the maximum blood sugar actually 
obtained was 121 mgm. per cent, it seems safe to assume that blood 
sugar values reaching 125 mgm. per cent following administration of 
the specified amounts of levulose to be an abnormal response. 

The choosing of convalescent patients as subjects to establish a 
normal response to a test may be open to criticism, so we included a 
number of normal subjects. Figure 2 compares the composites of 
the curves obtained in the normal and convalescent groups. It will 
be noted that the curves are, for all practical purposes, identical. The 
greatest deviation from each otlier is 3 mgm. at the 60 minute period. 
At this point the probable error of the two composite curves is 1.35 
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mgm. To be significant there must be a variation of at least three 
times this error. Therefore the convalescent patients chosen as normal 


TABLE 2 

Composite curves of various groups of 81 levulose tolerance tests on 49 subjects 


Group 

Blood sugar 

Fasting 

30 minutes 

do minutes 

120 minutes 

Rise 



mSM. per cent 

msm. per cent 

m^m. per cent 

mgm. Per cent 

tngm. per 
cent 

Entire group 


88.7 =fc8.3 

98.8 ±8.3 

97.2 ±8.6 

87.6 ±7.6 

10. 1 

Per cent of obser- 

(lo* 

77 

68 

69 

68 


vations within < 

2(7 

95 

96 

98 

98 


range of 

[3(7 

100 

100 

100 

100 


Normal subjects. 

41 

89.8 iS. 3 

99. 4 ±8. 6 

95.7 ±9.1 

86. 6 ±6. 6 

9.6 

tests on 17 subjects 






Per cent of obser- 

l<r 

78 

56 

75 

68 


vations within * 

2(7 

97 

97 

95 



range of 

[Sa- 

100 

100 

100 



Convalescent subjects. 

87.6 ±7.9 

98.3 ±7.7 

98.8 ±7.7 

88.6 ±8.2 

11. 1 

40 tests on 32 subjects 






Per cent of obser- | 

la 

77 

65 

70 

72 


vations within ^ 

2(7 

95 

97 

97 

97 1 


range of 

[3(7 

100 

100 

100 

100 : 


First test on 12 normal i 

91.9 ±10. 3 

100.0 ±9.4 

95.4 ±7.7 

89.0 ±6.8 

8.1 

subjects 

Per cent of obser- I 

fla 

58 

67 

67 

58 


vations within < 

,2(7 

100 

100 

92 

100 


range of I 

[3(7 

100 

100 

100 

100 


Second test on 

12 

92.7 ±5,0 

1 100.0 ±6.3 

93.7 ±7.9 

86. 8 ±6. 8 

B 

normal subjects 
Per cent of obser- 

1(7 

75 

67 

83 

75 

■ 

vations within < 

2(7 

100 

92 

92 

92 


range of 

3(7 

100 

100 

100 

100 

■■ 

Third test on 12 normal 

89.6 ±6.2 


97.5 ±10.1 


11,3 

subjects 

Per cent of obser- | 

1(7 

58 

■HI 

67 

H 


vations within \ 

2(7 

100 


92 



range of ( 

3(7 

100 

■■ 

100 




* Symbol meaning tbe standard deviation. 


subjects gave a response identical to normals, providing the two com- 
posite curves are statistically true. The curve of the convalescent 
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group fulfills these criteria. In the normal group at the 30 minute 
period not quite 66 per cent of all observations fall within the standard 
deviation. However, at all other points this is true. Also 95 per cent 
and 100 per cent fall wthin two and three times the standard deviation 
respectively. That these curves are statistically true is even more 
probable when it is observed that neither curve deviates more than 
2 mgm. from the composite of the entire group. 

Lennox and Bellinger (4) by triplicate glucose tolerance curves in 
non-diabetic subjects, in whom the original curve was of the pre- 
diabetic type, found the average of the second curves lower than the 



first, and the third lower than the second. To see if this apparent 
improvement in tolerance to glucose was also true for levulose the test 
was repeated three times on twelve normal subjects at intervals of 7 
days or longer. If the tolerance to levulose can be measured by the 
absolute rise above the fasting level 4 subjects showed a progressive 
improvement in tolerance to levulose. Three subjects showed a pro- 
gressive fall in tolerance by the same criterion. If one takes a pro- 
gressive lowering of the height of the maximum blood sugar as unprove- 
ment in tolerance, the figures for only one subject show this. By the 
same criterion one subject showed a progressive impairmentin tolerance. 
By the above methods of analysis there is no evidence of a progressive 
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improvement in tolerance. If the composite curves for the three groups 
are examined (fig. 3) we find the three curves almost superimposed. 
The composite curves of the first tests rises 8.1 mgm., the second rises 
7.3 mgm., while the third rises 11.3 mgm. above the fasting level. It 
is noted, however, that the ma.ximum blood sugar in each of the three 
composite curves reaches approximately the same level, and variations 
in the rise are due to changes in the fasting blood sugar level. In all 
except the fasting period the greatest deviation from the composite 
curve of all 81 tests is 2.5 mgm. These three curves are statistically 



Fig. 2. Comp^vrisox of the Composite Curves Obt.vixed ix Normal axd Cox- 

VALESCEXT SUBJECTS 
Solid line: Normal subjects. 

Broken line: Convalescent subjects. 

analyzed in table 2. It therefore seems probable that there is no 
progressive improvement in tolerance to levulose in normal subjects if 
the tests are repeated at intervals of 7 days or greater. 

It soon became apparent that there are great variations in the rise in 
blood sugar above the fasting level, from individual to individual, and 
to a less extent in the same individual. It has been previously noted 
in this paper that rises of more than 25 mgm. above the fasting level 
occurred only when the fasting blood sugar was 80 mgm. per cent or 
less. It was also noted that the differences in rise in blood sugar in the 
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composite curves in the subjects on whom triplicate curves were 
performed were due mainly to changes in the fasting blood sugar level, 
rather than to the height to which the curve rose. It appears, there- 
fore, that after administration of levulose the blood sugar rises from 
whatever fasting value it may have, high or low, toward a constant 
“ceiling,’’ and then falls as sugar storage is acclerated. Followng this 
idea our data have been tabulated according to the height of the fast- 
ing blood sugar, and composites made for each group of 5 mgm. from 
75 to 104 mgm. per cent. Fasting values below 75 mgm. were in- 



Fig. 3. Trtpucate Levulose Toleilvnce Curves on 12 NouiLVL Sxtbjects 
Solid line: Composite curve of the first tests. 

Broken line: Composite curve of the second tests. 

Dash'dot-dash line: Composite curve of the third tests. 

eluded in one group, as w'ere those of 105 mgm. or over. Figure 4 
gives the various composite curves obtained. It is clear that the 
higher the fasting blood sugar level the smaller is the rise in blood sugar 
above that level. This relationship is better shown in the ogive 
correlation in figure 5. With a fasting level below 75 mgm. note 
that the rise is 22 mgm., while in the group mth a fasting level 
above 104 mgm. note that the rise is nil. In the groups behveen 80 
and 99 mgm. this relationship is statistically true, and therefore prob- 
ably not the result of random sampling. However, for the two ex- 
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treme groups of high and low fasting values the number of curves is 
too small to permit conclusions to be drawn. It may be calculated 
that 400 tolerance tests would be required to produce a minimum of 
ten cases in each of these groups if the distribution of the fasting 
blood sugar values remained as in this group of 81 tests. 



Fig. 4. Reiatiok of the Fasting Blood Sug.as Lev'el to the Rise in Blood 
ScG.VR Following Oilvl Administilvtio.s' of Levulose 


Since extremely low and extremely high fasting levels cannot be 
obtained spontaneously with sufficient frequency, w'e extended this 
series by raising the fasting blood sugar to slightly over 100 ragm. per 
cent by giAing glucose prior to the administration of levulose. In a 
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preliminary test on a normal subject using 20 grams of glucose the 
blood sugar rose from a fasting level of 89 mgm. to 109 mgm. in 30 
minutes, and then progressively fell to 81 mgm. in two hours (Curve 
2, fig. 6). Ten days later this same individual was tested to 40 grams 
of glucose when the blood sugar rose to 104 mgm. in 15 minutes, to 138 
in 30 minutes, and then progressively fell, reaching 85 mgm. at the two 
hour period (Curve 1, fig. 6). It therefore seemed that 20 grams of 
glucose administered by mouth would raise the blood sugar sufficiently 



Fig. 5. Ogwe Correuvtion* of the Fastlsg Blood Sugar Level to the Rise 
IK Blood Sugar Followtkg Oral ^VDiONiSTRtmoN of Levulose 


to obtain a “fasting** blood sugar of over 100 mgm. per cent wthin 30 
minutes. Ten normal subjects volunteered for this study. In each of 
these subjects the administration of the preliminary dose of 20 grams 
of glucose preceded the administration of the levulose by 30 minutes. 
In the composite curve of the results obtained (Curve 4, fig. 6) the 
blood sugar rose from a fasting level of 84.4 mgm. to slightly over 100 
grams per cent in tliirty minutes. At this time 40 mgm. of levulose 
were given. There was in the composite curve no rise following the 
administration of the levulose, but a progressive fall very much like the 
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cun'e obtained when only 20 grams of glucose (Curve 2, fig. 6) was 
given alone. The individual curves are given in table 3. In 4 sub- 



Fig. 6. Curves Illusrtatixg the Efeect of Artificevl Elevation of the 
Blood Sugar Level Prior to the Levulose of Glucose Tolerance Tests 

Cun^e 1. Blood sugar curve following oral administration of 40 grams of 
glucose. 

Curve 2. Blood sugar cur\"e following oral administration of 20 grams of 
glucose. 

Curve 3. Composite curve of the effect of administering 20 grams of glucose 
30 minutes prior to the glucose tolerance test in 10 normal subjects. 

Cur\^e 4. Composite curv^e of the effect of administering 20 grams of glucose 
30 minutes prior to the levulose tolerance test in 10 normal subjects. 

jects there was a slight rise at the 45 minute period above the 30 
minute period. In these subjects, however, the 30 minute blood sugar 
did not exceed the average for the group, thus agreeing very closely 
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TABLE 3 

Effect of adnunhtration of 20 gravis of glucose thirty minutes prior tolevulost tolerance test 


Blood sugar 


Subject 

Fasiiug 

1 

30 mioutes 


45 tnmutes 

60 miuulea 

90 mioutes 

150 min- 
utes 


i 

1 mim. p<r 


msm. per 


mim. per 

m^m. per 

msm. per 

mim, per 


cent 


cent 


cent 

cent 

Cent 

cent 

SO 



94 


88 

100 

82 1 

87 

51 



116 


98 

96 


102 

52 ! 

87 

u 

89 

o 

S 

93 

82 

so 1 

86 

53 

78 1 

o 

u 

,5 

98 

> 

93 

80 

80 

76 

54 

80 I 

'to 

95 

o 

96 

87 

76 

79 

55 

75 

S 

100 

I 

87 

82 

80 

80 

56 

86 

rt 

103 

tfl 

84 

86 

80 

74 

57 

94 1 

O 

109 

O 

100 

92 

86 


58 

88 , 


100 


106 

100 

91 

82 

59 

81 ! 


98 


100 

97 

80 

81 

Composite, . , 

84.4 


100.2 


94.5 

91.2 

83.7 

82.4 


TABLE 4 

Effect of adviinistralion of 20 grams of glucose thirty minutes prior to glucose tolerance test 


Blood sugar 


Subject 

FasUag 

1 


30 minutes 


45 minutes 

60 minutes' 

! 

90 minutes 

150 min- 
utes 




msm. per 


per 

msm. per 

msm, per 

msm, per 




Cent 


cent 

cent 

cent 

cent 

SO 



103 


105 

93 

71 

90 

51 

95 


111 


105 

100 

93 

83 

52 

86 

CJ 

114 


104 

96 

92 

77 

53 1 

90 


114 

o 

112 

105 

84 

S3 

SI ! 

83 


90 

'U) 

103 

95 

94 

58 

55 j 

83 

i 

88 

S 

90 

94 

94 

75 

56 

89 

1 

89 

0 

Us 

81 

SO 

81 

SO 

57 1 

96 

o 

109 

o 

100 

90 

82 

71 

58 1 

94 


99 1 


101 

100 

92 

68 

59 

84 


102 1 


100 

98 

90 

86 

Composite. . . 

90.1 


101.9 


100.1 

95.1 

87.3 

79.8 


with the results obtained in those tests having a ‘^natural” fasting 
blood sugar of 95 to 10-t ingm. The individuals having a blood sugar 
at tile thirty minute period above the average for the group invariably 
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showed a lowering at the 45 minute period, agreeing ver>' closely with 
the composite curve of those individuals having a “natural’ fasting 
blood sugar of 105 mgm. or over. These results were so consistent 
that it was decided to substitute the same amount of glucose for the 
levulose administered at the thirty minute period. The same subjects 
again volunteered and a glucose tolerance test was preceded by thirty 
minutes by 20 grams of glucose. It was our purpose to show that if 
glucose was administered to subjects mth a high normal blood sugar 
that a hyperglycemia would result. Curve 3 in figure 6 shows that 
such was not the case, but the curve was practically identical with the 
case when levulose was administered. Table 4 gives the individual 
curves. It is noted, however, that when glucose was given the fall 
during the first portion of the curve was possibly not as rapid as when 
levulose was given. 


DISCUSSION 

The factor or factors influencing the type of blood sugar curve 
obtained by various sugars, notably glucose, levulose, and galactose 
have been variously explained. Folin and Berglund (IS) consider 
absorption of sugar from the blood by the tissues rather than glycogen 
formation the immediate reason the administered sugar fails to accu- 
mulate in the blood. The slight rise in blood sugar when leviflose is 
administered is explained by the fact that the tissues are practically 
free from levulose, and relatively “saturated” with glucose. This 
hypothesis has been questioned by Foster (2), Reinhold and Karr (19) 
and by Bodansky (20) who show that there is a greater rise in blood 
sugar with galactose than with glucose. Rienhold and Karr (19) 
believe that the ability of various carbohydrates to produce hyper- 
glycemia varies directly mth their rate of absorption, and inversely 
with their ability to form glycogen and their ease of being o.xidized. 
Leviflose is absorbed slowly but, being a good glycogen former and 
readily oxidized, causes only a slight rise in blood sugar. Cori and 
Cori (21) have shown in rats that levulose is absorbed more slowly than 
glucose and that galactose is absorbed more rapidly than glucose after 
oral administration. In four hours time appro.ximately 16 per cent of 
the glucose absorbed is deposited in the liver as glycogen (21) while -10 
per cent of the leinflose and 5 per cent of the galactose absorbed are 
deposited in the liver as glycogen. 
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The facts presented in this paper seem to add additional information 
upon the type of blood sugar curve obtained by glucose and levulose, 
and by inference the explanation for the type of curve obtained with 
galactose. We may assume first, that there is an excitatory ceiling or 
level of blood sugar in normal subjects between 95 and 110 mgm, 
per cent at which the sugar storage mechanism is stimulated. We may 
further assume, since crystalline insulin itself shows a latent period 
when injected intravenously (22), that an interval of 10 to 15 minutes 
elapses after this excitatory ceiling is reached before the sugar storage 
mechanism begins to effect a significant fall in blood sugar. In this 
view sugar administered per os would drive the blood sugar above the 
excitatory ceiling because of the continued absorption during the latent 
period. Those sugars which are most rapidly absorbed (galactose) 
would overshoot the ceiling considerably and the blood sugar curve 
would not start to fall until a level of about 160 mgm. per cent had 
been reached: sugars of slower absorption (glucose) would overshoot 
the ceiling Jess (140 mgm. per cent) and slowly absorbed sugar 
(levulose) would overshoot it but little (115 mgm. per cent). MacLean 
and de Wesselow (1) believe the level of blood sugar at which the 
carbohydrate mechanism is stimulated to be about 140 mgm. following 
administration of glucose. We have shown that if the blood sugar is 
raised by a preliminary dose of 20 grams of glucose to 100 mgm. per 
cent, a second dose of 40 grams is followed by an immediate fall, and 
not a rise to about 140 mgm. as would be expected by the explanation 
of MacLean and de Wesselow. This result agrees with our inter- 
pretation that the sugar storage mechanism is stimulated at a blood 
sugar level of 95 to 1 10 mgm. per cent, and was therefore active when 
the second dose of sugar was given. The high blood sugar level ob- 
tained at the thirty minute period when 40 grams of glucose alone was 
given (fig. 6, Curve I) is the result of an overshooting of the excitatory 
ceiling during the latent period in consequence of its absorption during 
the 15 to 30 minute period. 

This hypothesis also explains why the rise in the blood sugar 
above the fasting level following the administration o£ levulose varies 
inversely with the height of tlie fasting blood sugar level. In an 
individual having a very low fasting level the rise must of necessity be 
comparatively great before a fall occurs since the storage mechanism 
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probably remains dormant until a level of 95 to 110 mgm. has been 
reached. This hypothesis seems to explain the progressive fall in 
blood sugar in the group having a fasting level of 105 mgm. or more. 

SUMiL-VRY .\ND CONCLUSIONS 

Ninety-one levulose tolerance tests and 12 glucose tolerance tests 
have been performed on normal subjects under a variety of conditions. 
Results have been tabulated according to the fasting blood sugar level 
with the following conclusions: 

1. In normal subjects the maximiun blood sugar following adminis- 
tration of 30 to 50 grams (based on body weight) of levulose by mouth 
rarely exceeds 115 mgm. per cent. 

2. A rise in blood sugar to 125 mgm. per cent or over should be 
considered an abnormal response to the oral administration of levulose. 

3. In the group of convalescent subjects included in this study the 
levulose tolerance was the sarne as in the normal subjects studied. 

4. Triplicate levulose tolerance tests performed on normal subjects 
7 or more days apart show no significant variation in their blood 
sugar curves. 

5. In normal subjects the rise in blood sugar above the fasting level 
following the oral administration of levulose varies inversely with the 
height of the fasting blood sugar level. 

6. It seems probable that there is a level of blood sugar varying from 
95 to 110 mgm. per cent, which when exceeded stimulates the sugar 
storage mechanism to clear the blood rapidly of its excess sugar. 
A period of 10 to 15 minutes elapses after this excitatory ceiling is 
reached before the sugar storage mechanism begins to cause a sig- 
nificant fall in blood sugar. The rise in blood sugar above this level 
depends upon the rapidity of absorption of the sugar administered. 
The rapidity with w'hich the blood sugar falls from its peak probably 
depends upon the glycogen forming ability of the sugar used. 
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In recent years many reports (1 through 14) have appeared of a 
condition first described by Schwarz (15) and called by Schultz (16) 
agranulocytic angina. This is characterized by fever, by intense 
prostration, by a sore throat, sometimes almost gangrenous in appear- 
ance, by large purpuric areas on the body which frequently become 
necrotic, and by a marked leukopenia, especially of the polymor- 
phonuclear cells. The course is usually acute and the mortality is so 
high that when a patient recovers it is sufficiently significant to merit a 
report. 

No definite causative agent has as yet been found. Moreover, some 
skepticism exists as to whether agranulocytic angina is a clinical 
entity (14). Blumer (17) describes agranulocytosis, the outstanding 
feature of the condition, in other infectious diseases and Wilson (18), 
and McCord (19) point out its occurrence in arsenic and benzene 
poisoning. On the Second Medical Division of Bellevue Hospital a 
considerable depression of the granulocytes was found in some of the 
patients mth pneumonia and tuberculosis. 

Roberts and Kracke (20) believe that there is a definite disease 
entity known as agranulocytosis and base their opinion on a case which 
showed a marked marrow deficiency before any other symptom or sign 
occurred. Their conclusion does not necessarily follow because blood 
cell response usually precedes other symptoms and signs in most con- 
ditions. For instance a marked ‘*shift to the left^' of the polynuclears 
in an infectious condition is usually present from 24 to 48 hours before 
other symptoms and signs are seen (21). The present evidence makes 
it probable that agranulocytosis is due to a depression of the production 
of granulocytes or of their delivery into the circulation because of an 
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iniiercnt failure of tiie particular organism in the course of a toxemia 
rather than because of any definite toxic agent, 

Agranulocx'tosis has been treated principally by transfusions and 
roentgen therapy. Since in this condition the other blood elements 
are usually not ariected (22), this disease should lend itself to treatment 
by the stimulation of the pol^nnorphonuclear elements by nucleotides 
such as adenine sulfate and guanine hydrochloride. Doan, Zerfas, 
b arren and Ames (23) and Reznikon (24) have shown that the 
nucleotides, when given intravenous!}', cause a marked increase in the 
poh'morphonuclear cells in rabbits -n-ithout any eriect on the tempera- 
ture or on blood cells other than the granulocytes. 

Gaaniiie or 2-ainino-6-05>'piiiine has the empirical formula CjHjXiO and has 
the strucmral formula 


H— X— C=0 


H;— X— C 


C— XH 

\ 


X— C— X 




C— H 


Adenine has the empirical formula CsHsXj the structural formula 



These trvo materials, obtained from the Easrimn Kodak Company, are both pre- 
pared by the hydrolysis of yeast nucleic add. This is hydrolyzed with 10 per cent 
sulfuric add- The soludoii is made alkaline, v.’hich causes a predpitation of the 
crude guanine- The adenine remains in the alkaline solution- The crude guanine 
is dissolved in hot m'drochloric add- Upon cooling the cr>'stal3 of guanine hydro 
chloride predpitate out- The alkaline nitrate containing the adenine is made jiu-t 
acid- To this solution copper sulfate is added ^vhich causes the formation of an 
insoluble adenine oiprous compound- This compound is broken up vdth hydrogen 
suinde v^hich results in the predpitation of the copper- The filtrate, after the 
removal ci the cuprous stdfide, is e%'aporated to dr>*res5- This residue is So 
solved In hot sulfuric add and upon cooling the adenine stfiiate co'Stalli^ out- 
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In the patients to be desaibed 0.5 gram of the nudeotide was given intravenously 
in about 20 cc. of physiological saline. The nudeotide was boiled in the saline. 
Certain preparations of nudeo tides are insoluble in saline. In such cases 10 
per cent HCI was added drop by drop during tlie boiUng until a homogeneous 
suspension was formed. If introduced into the vein slowly a little discomfort was 
felt with the administration of the addulated product and none with the soluble 
nudeotide. 

The following results were obtained with the patients sufiferingfrom 
agranulocytic angina. 

Patient 1} Yoimg male physician at the City Hospital, New York City, 
developed a sore throat, headache, chills, cough, was nauseated and vomited, 
became delirious and showed a large slough on his buttock. The other salient 
features of his condition are given in table 1. 

The patient’s throat deared up completely. He was extremely weak and the 
slough on his buttock healed slowly. He rvas discharged in good condition to a 
convalescent home on March 19, 1928. In June, 1929 he had an attack of acute 
tonsillitis at home. His temperature was 101-102 for about 2 days and his 
physician reported a normal blood count. On June 25 th his count was 7400 
white blood cells, 65 per cent polymorphonudears. His tonsils were removec 
in July, 1929 with no untoward results. He was in perfect health until ^lay, 193( 
when he developed some apical abscesses of two teeth. Vincent’s spirillum wa* 
recovered and upon extraction of the teeth in June anotlier attack of agranulo 
cytosis was precipitated. The details of this attack are not available but th( 
essential features arc the following; After two transfusions of 500 cc. the patient’; 
condition became worse and the blood count decreased to 500 white blood cells 
no polymorphonudears being seen in the entire slide. His physidan, Dr. Jacobs 
began injection of adenine sulphate, giving 0.5 gram in 25 cc. of sahne very day 
In addition he continued daily transfusions. Sit hours after the injection of the 
first dose of adenine sulphate, the white blood cell count began to rise, poly- 
morphonudears appeared and the patient’s general condition began to improve, 
He was discharged in a montli and has been in good health since. 

Patient //.* A middle aged woman had an unhealed cyst at the lower end o) 
her spine. During her stay in the hospital a blood count showed 3400 white blood 
cells and no polymorphonudears were seen in at least 300 white cells. General 
ized ultraviolet treatment was instituted and she improved. One month later hci 
total white blood cdl count was 7000 of which SI per cent were polymorphonu- 

‘ I am indebted to Drs. Jacobs, Lisa, Coyne and the other members of the City 
Hospital Stall for permission to report this case. 

^ I wish to thank Dr. Herbert Bcrgamini and the stall of the Reconstruction 
Hospital for their help and permission to quote this case. 
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TABLE 3 

Progress of Patient III treated during course of illness xolth nucleotide 


Date (1929) 

Time 

Ttjnpcr- 

ature 

White 

blood 

ceiU 

.. 

Percent- 
age poly- 
motpho- 
miclcars 

Treatment 








8:00 a.m. 

104 

2,200 

0 



103-104 




8:00 a.m. 

102 



Leucocyte extract (Squibb) 
10 cc. 

June 20 

4:00 p.m. 

104.2 

1,600 

2 

Leucocyte extract (Squibb) 
10 cc. 







12:00 p.m. 

104.6 



Leucocyte extract (Squibb) 
10 cc. 


4:00 a.m. 

104 



Leucocyte extract (Squibb) 






10 cc. 

June 21 

12:00 m. 

104 

2,000 

0 

Leucocyte extract (Squibb) 




10 cc. 


8:00 p.m. 

104.2 



Adenine sulfate 

June 22 | 

4:00 a.m. 

104 



Adenine sulfate 

4:00 p.m. 

104 

1,800 

0 

Transfusion 500 cc. 

June 23 

4:00 a.m. 

103.8 



Intravenous glucose 500 cc, 
of 20 per cent solution 




June 24 

12:00 m. 

104 

2,300 

3 

Transfusion 250 cc. 

June 25 

8:00 a.m. 

103 


Adenine sulfate 


8:00 a.m. 

100 

4,800 

14 


June 26 < 

9:45 a.m. 

100 



Adenine sulfate 

12:00 m. 

100 



Transfusion 250 cc. 

[ 

10:30 p.m. 

101 



Adenine sulfate 

June 27 

8:00 a.m. 

99 

8,200 

18,000 


Adenine sulfate 

f 

8:00 a.m. 

102 


June 28 .-j 

12:00 ra. 
4:00 p.m. 

100.5 

102.5 




( 

8:00 a.m. 

104 

21,000 

59 


June 29 s 

12:00 m. 
4:00 p.m. 

101 

103.6 




( 

8:00 a.m. 

103.8 ' 

! 



June 30. 

12:00 m. 
8:00 p.m. 

100 1 
105.2 




July 1 


100 

17,000 ' 

15.600 ! 
13,200 1 
12,400 

11.600 

68 


July 2 


98.6 ^ 



July 3 


98.6 ; 



July 4 


98.6 1 



July 5 


98.6 
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morphonuclears just before death. This agonal rise should not be 
confused with nucleotide action. It seems probable, however, that 
nucleotide, pushed vigorously, can stimulate the bone marrow in 
pneumonia and its use may have an important place in the treatment 
of the disease when leukopenia is present. 

The blood count of one agranulocytic patient with pulmonary tuber- 
culosis gave no response to nucleotide therapy. 

COiOIENTS 

The patients reported here do not represent the most desirable type 
of experimental material. They were extremely sick and every 
possibly helpful therapeutic measure was indicated. Tor example the 
3 patients who recovered from agranulocytic angina received blood 
transfusions in addition to nucleotide. However, according to most 
authorities (l-H), the mortality rate in agranulocytic angina is just 
as high in patients who receive transfusions as in untreated patients. 
Moreover, the case of the patient who died from streptococcus hemo- 
lyticus septicemia illustrates that a transfusion, especially a large 
amount, markedly decreases the polymorphonuclear cells in the periph- 
eral blood. If blood is to be transfused it should be given in small 
amounts, not over 250 cc. at a time, because of this depressing effect. 

Friedemann (13) reports good results with x-ray therapy. Six of ten 
patients recovered after such treatment, whereas only 2 of 24 un- 
treated patients recovered previously in his series. 

More complicated chemical products have been used for similar 
purposes, especially in pneumom’a (25 and 26) and as long ago as 1897 
Ames and Huntley (27) showed that nudeinic acid from yeast will 
increase the polymorphonuclear count. The demonstration of Buell 
and Perkins (28) that adenine occurs normally in the blood makes its 
use more rational than the more complex compound. 

At present 0.5 gram of the nucleotide is given twice in 24 hours. 
Some response is seen within 6 hours after the injection and usually the 
increase in granulocytes is marked after the second dose. 

CONCLUSIONS 

1. Nucleotides given intravenously have the power of raising 
the peripheral polymorphonuclear count in certain agranulocytic 
condiUons. 
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STUDIES IN CONGESTIVE HEART FAILURE 


VI. The Eefect of Overwork and Other Factors on the 
P oTASsroM Content of the Cardiac Muscle ^ 
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T. R. HARRISON 

(Prom ihc Departments of Medicine and Bioclmihiry^ VanderUlt Unhersity Medical 
School^ Nasfmlle) 

(Received for publication June 12, 1930) 

In one of the previous studies of this series it was shown that the 
cardiac and skeletal muscles of patients dying of congestive heart 
fmlure were abnormally poor in potassium, Harrison, Pilcher and 
Ewng (1930). The loss of potassium from skeletal muscle appeared 
to be related to edema, as muscles which were not edematous con- 
tained normal amounts of potassium. Pieces of skeletal muscles 
removed during life contained less potassium when the patients were 
edematous than when they were edema free. It appears therefore 
that the presence of edema is an important cause of the loss of potas- 
sium in skeletal muscle. The present study was undertaken in an 
attempt to determine the cause of the loss of potassium from the 
cardiac muscle. 


METHOD 

Tissues were obtained at the postmortem table. Pieces of ventric- 
ular muscle weighing 5 to 20 grams were freed of fat, waghed and 
dried to constant weight at 105 to llO'^C. One to two decigrams of 
the dried muscle were digested with nitric acid as described by Van 
Slyke (1924) for chloride determinations. The nitric acid was then 
driven off by evaporation, and the residue was freed of ammonia by 
boiling with excess sodium hydroxide. The mixture was then neutral- 
ized with sulphuric add. Potassium was predpitated as the cobalti- 

* Aided by a Grant from the National Research Council. 
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In one of the previous studies of this series it was shown that the 
cardiac and skeletal musdes of patients dying of congestive heart 
failure were abnormally poor in potassium, Harrison, Pilcher and 
'Ewing (1930). The loss of potassium from skeletal muscle appeared 
to be related to edema, as muscles which were not edematous con- 
tained normal amounts of potassium. Pieces of skeletal muscles 
removed during life contained less potassium when the patients were 
edematous than when they were edema free. It appears therefore 
tliat tlie presence of edema is an important cause of the loss of potas- 
sium in skeletal muscle. The present study was undertaken in an 
attempt to determine the cause of the loss of potassium from the 
cardiac muscle. 


METHOD 

Tissues were obtained at the postmortem table. Pieces of ventric- 
ular musde weighing 5 to 20 grains were freed of fat, weighed and 
dried to constant weight at 105 to 110°C. One to two decigrams of 
the dried musde were digested with nitric acid as described by Van 
Slyke (1924) for chloride determinations. The nitric acid was then 
driven off by evaporation, and the residue was freed of ammonia by 
boiUng with excess sodium hydroxide. The mixture was then neutoal- 
ued with sulphuric add. Potassium was precipitated as the cobalti- 

* Aided by a Grant from the NaUonal Research Council. 

393 



394 


POTASSIUM IN CARDIAC MUSCLE 


nitrate and determined in the Van Slyke-Neill apparatus as described 
by Kramer and Gittleman (1926). A detaded description of the 
technique was given by Harrison, Pilcher and Ewing. 

Duplicate analyses were always made and in many instances 
quadruplicate determinations were done. The values in the tables 
are averages of these duplicate and quadruphcate determinations. 
The tissues were obtained from patients dying of cardiac failure and, 
to serve as controls, from patients dying of various other disorders. 
Tissues of normal individuals were of course not available as controls, 
and we have even been unable to obtain tissues from individuals dying 
accidentally who were in good health previously. Hence, subjects 
having no disease of the thoracic organs have been designated as 
controls. (One individual with severe anemia, and one patient with 
morphinism have been omitted from the “control” group for reasons 
which win be mentioned later.) 

As the study progressed it was foimd that patients with acute 
pulmonary disorders showed similar changes and these were con- 
sequently grouped together. 

The subjects with cardiac disease were classified according to the 
type of congestive failure which they presented. Most of them had 
both systemic and pulmonary congestion but one patient had con- 
gestion of the Jungs only, two patients had systemic without pulmonary 
congestion and one subject had cardiac disease without congestive 
failure. All except one of the subjects with cardiac disease had 
cardiac hypertrophy and dilatation of varpng degree. The chief 
etiological factors were (a) rheumatic endocarditis, one case; (b) 
syphilitic aortitis, one case; (c) syphilitic myocarditis, one case; (d) 
hypertension, four cases; (e) coronary arteriosclerosis and angina 
pectoris, two cases; (f) asthmatic bronchitis, one case; and (g) tuber- 
culous pericarditis, one case. 


RESULTS 

The data for the “control” subjects are shown in table 1. These 
values are in fairly close agreement with those obtained for human 
subjects by Lematte, Boinot and Kahane (1928), and by Norn (1929). 
The three “control” subjects all died of chronic diseases and it is 
therefore possible that the normal values for man are slightly higher. 
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nitrate and determined in the Van Slyke-Neill apparatus as described 
by Kramer and Gittleman (1926). A detailed description of the 
technique was given by Harrison, Pilcher and Ewing. 

Duplicate analyses were always made and in many instances 
quadruplicate determinations were done. The values in the tables 
are averages of these duplicate and quadrupHcate determinations. 
The tissues were obtained from patients dying of cardiac faUmre and, 
to serve as controls, from patients dying of various other disorders. 
Tissues of normal individuals were of course not available as controls, 
and we have even been unable to obtain tissues from individuals dying 
accidentally who were in good health previously. Hence, subjects 
having no disease of the thoracic organs have been designated as 
controls. (One individual with severe anemia, and one patient with 
morphinism have been omitted from the “control” group for reasons 
which will be mentioned later.) 

As the study progressed it was found that patients with acute 
pulmonary disorders showed similar changes and these were con- 
sequently grouped together. 

The subjects with cardiac disease were classified according to the 
type of congestive failure which they presented. Most of them had 
both systemic and pulmonary congestion but one patient had con- 
gestion of the limgs only, two patients had systemic without pulmonary 
congestion and one subject had cardiac disease without congestive 
failure. All except one of the subjects with cardiac disease had 
cardiac hypertrophy and dilatation of varying degree. The chief 
etiological factors were (a) rheumatic endocarditis, one case; (b) 
syphihtic aortitis, one case; (c) syphilitic myocarditis, one case; (d) 
hypertension, four cases; (e) coronary arteriosclerosis and angina 
pectoris, two cases; (f) asthmatic bronchitis, one case; and (g) tuber- 
culous pericarditis, one case. 


RESULTS 

The data for the “control” subjects are shown in table 1. These 
values are in fairly close agreement with those obtained for human 
subjects by Lematte, Boinot and Kahane (1928), and by Norn (1929). 
The three “control” subjects all died of chronic diseases and it is 
therefore possible that the normal values for man are slightly higher. 
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POTASSrOM IN CAIiDIAC MUSCLE 


Normal dogs usually have about 1.4 per cent potassium in the dried 
cardiac muscle and 0.3 per cent potassium in the wet’ cardiac muscle, 
(Calhoun, Cullen and Harrison (1930)). In any case it is safe to 
conclude that the normal potassium content of wet cardiac muscle is 
0.3 per cent or slightly less and that the normal solids content is 19 
to 23 per cent. 

The term “normal potassiiun content” when employed in the 
remainder of this paper is used to designate the average (table 4) 
values in the “control” subjects. It is of some interest to note that 
in each instance the right ventricle contained a little less potassium 
in the wet muscle than did the left. 

In table 2 are sho'wn the values in four patients with acute and 
more or less extensive disease of the lungs. One of them had pneu- 
monia; three had massive pulmonary collapse— one xmilateral and 
two bilateral. Their left ventricles contained amounts of potassiiun 
comparable to those found in the “controls.” Their right ventricles, 
however, were extremely low in potassium. As compared •with the 
average (table 4) value for the “controls” the potassium content of the 
dry right ventricular muscle of the patient with unilateral pulmonary 
collapse was minus 18 per cent. A similar comparison reveals minus 
39 per cent and minus 40 per cent for the two patients ■with bilateral 
collapse and minus 32 per cent for the patient ■with lobar pneumonia. 
It is interesting that the degree of diminution was least in the patient 
who had the least extensive pulmonary involvement. AH of these 
subjects had normal hearts at autopsy except for slight dilatation 
of the right ventricle. 

Values for subjects "with cardiac disease are shown in table 3. 
In only one subject (S. C.) was there disease of the heart ■without any 
systemic or pulmonary congestion. This subject, who had hyper- 
tension and angina pectoris, died suddenly of coronary occlusion. A 
fresh infarct of the left ventricle and old infarcts of the interventricular 
septum were found. The left ventricle was somewhat hypertrophied, 
the right ventricle slightly dilated. The tissues taken for analysis 
were from the normal portions of the myocardium. Each ventricle 
contained a little less than the normal amount of potassium in the 
dry muscle. 
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Two subjects in this group were classified as having only right 
ventricular failure. (For the sake of clarity it should be stated here 
that the term ^'failure of a ventricle’^ as used in this paper, denotes a 
condition in which that ventricle is dilated and the tissues from which 
it receives blood are congested or edematous.) In neither of them 
were the lungs congested at autopsy. Both had some edema and 
some congestion of the liver. One of these subjects (W. H.) had 
hypertrophy and dilatation of the right ventricle only. His right 
ventricle was abnormally poor in potassium and his normabsized left 
ventricle contained more than did those of the “control” subjects. 
J. M. (table 3) had hypertension, pleural effusion, partial collapse of 
both lungs and adhesive pericarditis. His left ventricle was hyper- 
trophied but not dilated. It contained in the dry muscle 18 per cent 
less than the average amount of potassium. His right ventricle was 
hypertrophied and dilated at autopsy and it contained 30 per cent 
less than the average normal amount of potassium. As has been 
stated, he had right but not left ventricular failure, i.e,, systemic 
without piilmonary congestion. 

Seven individuals had failure of both sides of the heart. In all of 
them (table 3) the potassium content of both ventricles was much 
decreased in both the wet and dry tissues. The etiology of the cardiac 
disease seemed to be of no particular importance. The changes 
found in the patient with rheumatic endocarditis (D. McK.) and in 
the two subjects with S3^hilitic disease Q. F. and J. J.) were of the 
same order of magnitude as those observed in the two patients with 
“essential” hypertension (F. H. and J. R.), in the subject with hyper- 
tension secondaiy to chronic glomerulonephritis (J, B.), and in the 
individual who had hypertrophy and dilatation without obvious 
etiology (E. R.). The type of rhythm also made no difference, and 
no correlation with electrocardiographic changes was found. Con- 
sequently, data concerning the cardiac rhythm are omitted from the 
tables. 

The findings in C. \V. are of espedal interest. This man had 
concrctio cordis with a pericardium more than one half centimeter 
thick. The heart seemed only slightly enlarged by physical examina- 
tion and x-ray. He had congestion of the liver and some edema. 
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The potassium content of cardiac muscle of subjects with cardiac disease 
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Two subjects in this group were classified as having only right 
ventricular failure. (For the sake of clarity it should be stated here 
that the term ‘‘failure of a ventricle” as used in this paper, denotes a 
condition in which that ventricle is dilated and the tissues from which 
it receives blood are congested or edematous.) In neither of them 
were the lungs congested at autopsy. Both had some edema and 
some congestion of the liver. One of these subjects (W. H.) had 
hypertrophy and dilatation of the right ventricle only. His right 
ventricle was abnormally poor in potassium and his normahsized left 
ventricle contained more than did those of tlie “control” subjects. 
J. M. (table 3) had hypertension, pleural effusion, partial collapse of 
both lungs and adhesive pericarditis. His left ventride was hyper- 
trophied but not dilated. It contained in the dry muscle 18 per cent 
less than the average amount of potassium. His right ventricle was 
hypertrophied and dilated at autopsy and it contained 30 per cent 
less than the average normal amount of potassium. As has been 
stated, he had right but not left ventricular failure, i.e., systemic 
without pulmonary congestion. 

Seven individuals had failure of both sides of the heart. In all of 
them (table 3) the potassium content of both ventricles was much 
decreased in both the wet and dry tissues. The etiology of the cardiac 
disease seemed to be of no particular importance. The changes 
found in the patient with rheumatic endocarditis (D. McK.) and in 
the two subjects with sypliilitic disease (J. F. and J. J.) were of the 
same order of magnitude as those observed in the two patients wth 
“essential” hypertension (F. H. and J. R.), in the subject with hyper- 
tension secondary to clironic glomerulonepliritis (J. B.), and in the 
individual who had hypertrophy and dilatation without obvious 
etiology (E. R.). The type of rhythm also made no difference, and 
no correlation with elcctrocarcfiographic changes was found. Con- 
sequently, data concerning the cardiac rhythm are omitted from the 
tables. 

The findings in C. W. are of especial interest. This man had 
concrctio cordis with a pericardium more than one half centimeter 
thick. The heart seemed only slightly enlarged by physical e.\amina- 
tiou and .x-ray. He had congestion of the liver and some edema. 
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The heart sounds were very faint, the pulse weak and the pulse 
pressure low. The cardiac pulsations as viewed by the fluoroscope 
were very small. Following an operation at which an unsuccessful 
attempt to resect the pericardium was made he developed pulmonary 
collapse and died. At autopsy the myocardium was thin and atrophic. 
This man suffered from pericardial insufficiency, not from myocardial 
failure. His difficulties were due to inability of the heart to dilate. 
His atrophic left ventricle was unusually rich in potassium, his right 
ventricle contained a httle less than the normal amount in the dry 
muscle. It is possible that his right ventricle would also have con- 


TABLE 4 

Average values for potassium a)id solids cojitent cardiac muscle 




Number 

of 

cases 

1 

Right ventricle 

Left ventricle 

Group 

number 

Type of case 

Solids 

Potas- 
sium in 
dry 
muscle 

Potas- 
sium in 
wet 
muscle 

Solids 

Potas- 
sium in 
dry 
muscle 

Potas- 
sium in 
wet 
muscle 

1 

1 

1 

No cardiac or pulmonary 

1 

3 

per cent 

20.0 

per cent 

1.31 

per cent ' 

0.261 

Per cent 

21.8 

per cent 

1.32 

Per cent 

0.285 

2 

disease 

No cardiac disease. Acute 

4 

j 

19.7 


0.174 

19.8 

1 

1.45 

0.286 

3 

pulmonary disease 

Cardiac hypertrophy with- 

i 

1 

26.2 


0.288 

1 

20.5 

1.21 

0.249 

4 

out congestive failure 
Right ventricular failure 

2 

i 

1 19.5 


0.197 


1.34 

0.269 

5 

' only 

, Left ventricular failure only 

1 

19.9 

1.03 



m 

m 

6 

Failure of both ventricles 

7 

*18.4 


0,171 

19,5 



7 

Myocardial atrophy 

1 

22.2 

1.17 J 

0.260 

22.1 

1.64 

m 


tained increased amoimts of potassimn had he not developed pul- 
monary collapse, which, as has been shown above, is often followed 
by loss of potassium from the right ventricle. (Further clinical data 
and hemod)mamic studies on this man are being reported elsewhere by 
Burwell and Strayhorn (1930).) 

For convenience in comparison the average values in the various 
groups are presented in table 4. Despite the relatively small number 
of cases, it is believed that these values are significant because of the 
uniformity of the changes observed. 
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DISCUSSION 

The average values for the content of solids of the heart muscle of 
the subjects with cardiac failure were slightly lower than those of the 
control individuals but tlie difference was small and the two groups 
overlap in this respect. It, of course, follows that the water content 
of the heart muscle in the two groups is not dissimilar, and therefore, 
that the variation in potassium content cannot be explained on the 
basis of edema. It is clear that cardiac muscle, unlike skeletal muscle, 
does not become markedly edematous. 

From the data in tables 3 and 4 it appears that when myocardial 
insufficiency results in pulmonary congestion the potassium content 
of the left ventricle is diminished and that when myocardial insuffi- 
ciency results in hepatic congestion and systemic edema the potassium 
content of the right ventricle is decreased. The question immediately 
arises as to which is cause and which is effect. Does the loss of 
potassium precede or follow failure of the corresponding ventricle? 

An answer to this question is probably to be found in Table 2, 
There is reason to believe that the flow of blood through atelectatic 
lung tissue is diminished whether the atelectasis be due to collapse or 
consolidation. Consequently, in such conditions the vascular channel 
through which the right ventricle pumps blood is narrowed with a 
corresponding rise in the pressure against which this chamber must 
work. Accentuation of the pulmonic second sound and slight dilata- 
tion of the right ventricle in such cases are well recognized phenomena. 
There can be little doubt that in such extensive and sudden disease 
of tlie lungs the right ventricle is overworked. 

The fact that our patients with acute pulmonary disorders showed 
such a marked diminution in the potassium of their right ventricles 
seems to indicate that ovenvork or “strain^* can cause loss of potassium 
from tlie cardiac muscle. The patients did not have any of the 
peripheral signs of right ventricular failure and hence loss of potassium 
is not due to congestive failure. Therefore, since diminished potas- 
sium content was invariably present in failing ventricles it is likely 
that this chemical change may have been a contributing cause of such 
failure. A ventricle which has failed is always low in potassium but a 
ventricle which is low in potassium need not necessarily have failed 
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Dilatation of a ventricle was associated in every instance with a 
diminution in the potassium content and every ventricle which had a 
decreased potassium content was more or less dilated. The studies of 
Starling and his co-workers have shown that the normal immediate 
response to increase in work is dilatation. It seems probable, there- 
fore, that loss of potassium and dilatation occur coincidentally and 
that both are due to overwork. 

Most of the hypertrophied ventricles were also dilated and all 
ventricles showing both phenomena had diminished potassium content. 
In three subjects, however, hypertrophy of the left ventricle was 
present without dilatation or failure. In two of these (S. C. and J. M, 
(table 3)) there was a slight diminution in the potassium content of 
the dry muscle. The third subject, E. H., (table 2) had eclampsia 
and increased blood pressure. The left ventricle was unusually rich 
in potassium, containing about fifteen per cent more than those of the 
“normal" controls. H3rpertrophy of a ventricle, therefore, may be 
associated with decreased potassium content, but not necessarily so. 

Atrophy of the myocardium was associated with a tendency toward 
a high potassium content in one case, (C. W., table 3). Although 
this man had systemic congestion he did not have myocardial failure. 
His heart muscle was atrophic and the cavities were abnormally 
small. He suffered from pericardial failure, his heart was unable to 
dilate because of its dense fibrous coating. 

In a previous study (Harrison, Pilcher and Ewing (1930)) it has 
been pointed out that diminished potassium content may be related 
in some way to “cardiac fatigue." From the results of the present 
study it appears that overwork is the cause of loss of potassium, and 
that this loss may be one of the causes of cardiac fatigue and eventual 
congestive failure. We do not believe that potassium is the so 
element concerned. It is likely that the composition of the heart in 
patients with cardiac failure is altered in other respects. Investiga- 
tions are in progress along these hues. 

SUMMARY OR RESULTS 

1. The water content of the ventricular muscles of subjects dying of 
congestive heart failure was not significantly increased. 

2. Patients dying with acute and extensive disease of the lungs 
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(i.e., pneumonia and massive collapse) had diminished potassium 
content of the right ventricle, but not of the left ventricle. 

3. When myocardial insufficiency results in pulmonary congestion 
the potassium content of the left ventricle is diminished. 

4. When myocardial insufficiency results in hepatic and systemic 
edema the potassium content of tire right ventricle is decreased. 

5. If both systemic and pulmonary congestion were present both 
ventricles were poor in potassium. 

6. The cardiac potassium was not diminished in a subject with 
coucretio cordis and myocardial atrophy. 

7. The dilated ventricles were poor in potassium; the ventricles 
wliich were hypertrophied but not dilated showed variable results. 

CONCLUSIONS 

1. Edema is not the cause of the loss of cardiac potassium. 

2. It is believed that overwork causes loss of potassiiun from heart 
muscle and that this loss is one of the predisposing factors to cardiac 
fatigue and failure. 
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POTASSIUM IN SKELETAL MUSCLE 


contract against a weight of several hundred grams. The strength 
of the current and the number of stimuli were varied in the different 
experiments in such a way as to keep the contractions as rapid as 
possible without the development of local tetany. When local tetany 
did supervene stimulation was stopped for a few minutes and then 
was begun again at a slower rate. The number of twitches per minute 
varied between thirty and two hundred. 

After this stimulation had gone on for several hours the animal was 
killed and samples were taken from the two gastrocnemius muscles. 
Determinations of potassium content were carried out according to 
the technique which has already been described (Harrison, Pilcher and 
Ewing). 


RESULTS 

In six of the ten experiments the muscle from the stimulated leg 
contained somewhat less solids than did that from the normal leg. 
In one instance the reverse was true. In the remaining three experi- 
ments, the water contents of the two legs were practically the same. 
Average values of water content were 25.1 per cent in the normal 
muscle and 24.3 per cent in the stimulated muscle. The difference is 
too small to be significant. In this connection it is of interest to 
note that Barcroft and Kato (1915) found increased rate of passage of 
water into actively contracting muscles. 

The duration of stimulation was eight hours or less in, four experi- 
ments. In one of these the potassium content of the dry tissue from 
the stimulated leg was slightly greater than that from the normal leg. 
In another, the values were practically the same. In the remaining 
two instances the dried tissues from the stimulated leg contained less 
potassium than those from the normal extremities. 

The duration of stimulation was eleven hours or more in the other 
six experiments and in all of these the dried muscle of the stimulated 
leg was poorer in potassium, the average diminution as compared with 
the control specimen from the same animal being approximately 20 
per cent. Average values for the entire series of experiments were 
1.46 per cent for the normal legs and 1.25 per cent for the stimulated 
legs. The potassium content of the wet muscle from the stimulated 
leg was higher than that of the control leg in one instance and lower in 
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nine instances. The single exception occurred in one of the experi- 
ments of short duration. Average values for all the experiments were 
0.362 per cent potassium for the normal legs and 0.304 per cent for 
the stimulated legs. If only the six experiments of longer duration 
be considered the differences are somewhat greater, the averages 
being 0.371 per cent and 0.289 per cent. 

TABLE I 


Tke ejject of sthnulalion of Ihe sciaiic neno on the solids and potassium content of the 
gasirocnemius muscle 


Experiment number 

Duration 

of 

stimulation 

Bonds 

Potassium content 
of dry muscle 

Potassium content 
of wet muscle 


Stimulated 

leg 


Stimulated 

leg 

Normal 

leg 

Stimulated 

leg 


hourt 

Ptr ctnt 

Per cenl 

Pet cent 

Per cent 

Per cent 

Per cenl 

Pi 

6 


21,6 

WSm 

1.60 

0.391 

0,345 

Pi 

8 


22.7 


1.26 

0.327 

0.284 

P< 

6 

26.6 

27.8 

1 ^ 

1.37 

0.343 

0.381 

Pi 

5 

26.7 

25.7 

1.33 

1.14 

0.354 

0.292 

P*... 

12 

24.2 

24.0 

1.52 

1.29 

0,369 

0.310 

Pi 

U 

26.2 

25.2 

1.38 

1.16 

0,362 

0.293 

Pa 

12 

23.8 

22.6 

1.64 

1..33 

0.390 

n.-ton 

Pzi 

13 

25.2 

25.3 

1.48 

1.15 

0.372 


Pu 

12 

25.5 

25.7 

1.45 

1.17 

0.370 

BK! ■ 

Pi» 

13 

24.4 

22.4 

1.50 

l.OS 

0.365 


Average 


25.1 

24.3 

1.46 

1.25 

0.363 

0.304 


DISCUSSION 

These e.xperhnents seem to show clearly that ovenvork of a skeletal 
muscle, if of sufficient degree and duration, is likely to be followed by a 
decrease in its potassium content. The loss of potassium is probaWy 
to be ascribed to an increase in the hydrion concentration since Hdber 
(1929) observed in vitro that increase in hydrion concentration 
increased tlie diffusion of potassium from the muscle, and Hawk and 
Berghcim (1926) state tliat acidosis causes increased excretion of 
potassium. 

There is indirect evidence (Harrison, and Pilcher (1930)) that edema 
may cause tissue o.xygcn lack. It is well kno\sTi that lack of oxygen 
tends to cause local acidosis. It has been shown that edematous 


























THE NUMBER OF FORMED ELEMENTS IN THE URINARY 
SEDIMENT OF PATIENTS SUFFERING FROM HEART DIS- 
EASE, WITH PARTICULAR REFERENCE TO THE STATE 
OF HEART FAILURE 

By HAROLD J. STEWART and NOR^IAN S. I^IOORE 
(From the Hospital of the Rockefeller Itistituie for ZlaHcal Research^ Nras York) 
(Received for publication July 7, 1930) 

It is well known that casts, red blood cells and white blood cells may 
be present in the urinary sediment of patients suffering from heart 
failure. In the manner that specimens of urine are usually obtained 
it is not possible to gain an accurate notion of the numbers of cells 
which are present, since variations in salt concentration and reaction 
of the urine may result in partial or complete disappearance of the 
formed elements of the urine. Addis (1) recommended a procedure 
which has for its object the secretion by the kidneys of urine of such 
high specific gravity and acidity that the integrity of the formed 
elements of the urine is maintained. By this means the number of 
elements in urinary sediment formed in a 12-hour period may be 
estimated. Addis (2) found that the number of casts passed in a 
12-hour period varied in normal individuals between 0 and 4,270, the 
average being 1,040; the number of red blood cells between 0 and 
425,000, the average being 65,700; the number of white blood and 
epithelial cells between 32,400 and 1,835,000, the average being 
322,500. The casts were hyaline; granular casts were not observed. 

The present study is concerned with the estimation of the number of 
formed elements in the urines of patients suffering from chronic heart 
disease, especially of the so-called arteriosclerotic type, more particu- 
larly with reference to the state of heart failure of the congestive t3T)e. 

The patients were at rest in bed and were in water equilibrium. 
Observations were made in patients suffering from the congestive 
type of heart failure, and again in the same patients after the signs 
and symptoms of heart failure had disappear^. In others, observa- 
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Diagnosis* 
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,a 

B 

0 

ss 

a 


State with reference to heart failure 




a 

3 

*3( 

d 

a 


Etiological 

Anatomical 


U 

s 

o 





1 

not 

) 40 
M. 

During failure (++++)t 
Recovered 

Arteriosclerosis 

Cardiac hypertrophy, mitral 
insufficiency, chronic myo* 







carditis 


2 

7054 

. 47 

During failure (+++) 

Arteriosclerosis 

Cardiac hypertrophy, mitral 

i 



M. 

Recovered 


insufficiency, chronic myo- 
carditis 


3 

7255 

74 

During failure (+) 

Arteriosclerosis 

Cardiac hypertrophy 




M. 

Recovered 



4 

7318 

68 

1 

During failure (++) 

Arteriosclerosis 

Cardiac hypertrophy, chronic 

1 


1 

M. 

Recovered 


myocarditis, VPL§ 


5 ^ 

7108 

60 ! 

During failure (+) 

Arteriosclerosis 

Chronic myocarditis 

1 



|M. 

Recovered 



6 

6784 

‘ 40 

During failure (++++) 

Hypertension, 

Cardiac h3rpertrophy, mitral 

1 



F. 

During failure (+++) 

180/130 

insufficiency, aortic rough- 





During failure (++) 
Recovered 


ening, VPL 


7 

4692 

58 

During failure (++) 

Arteriosclerosis, 

Cardiac hypertrophy, mitral 

A 



M. 

Recovered 

hypertension 

insufficiency, chronic myo- 
carditis 


8 

7091 

34 

During failure (++++) 

Rheumatic fever 

Cardiac hypertrophy, mitral 

Ai 



M. 

Recovered 


stenosis, mitral insuffi- 
ciency, aortic roughening 


9 : 

7325 

34 

During failure (+) 

Rheumatic fever 

Cardiac hypertrophy, mitral 




M. 

Recovered 


stenosis 


10 : 

7223 

27 

During failure (++) 

Rheumatic fever 

Cardiac hypertrophy, mitral 

Ad 



M. 

Recovered 


insufficiency and stenosis, 
aortic roughening 

] 

11 ^ 

'311 

40 

During failure (++++) 

Rheumatic fever ^ 

Cardiac hypertrophy, mitral ^ 

tlu 



M. 

Recovered 


insufficiency and stenosis 

1 


t The degree of heart failure is indicated by -f- signs in this table as well as in tables 2 and 4 
t In this table as well as in tabled 2 and 4, + and 0 indicate the presence or absence of the sign. 
§ VPL = left ventricular preponderance in this table as well as in tables 2, 4 and 5. 

C.H.F. = heart failure of the congestive type in this table as well as in tables 2, 4 and 5. 

X-HB = incomplete heart block in this table as well as in tables 2 , 4 and 5. 
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TABLE 2 

The number of formed elements found in the urine during heart failure of the congestive type 
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final, A average, H *= highest normal 
greater than nonnal. 



TABLE 2 

The number of formed elenmtts found in the urine during heart failure of the congestive type 
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■URINARY SEDIMENT IN HEART EAILDRE 


In such patients the number of casts was therefore increased, the 
average being 20 times that in normal subjects; the increase was not so 
great, however, as in cases of heart failure of the congestive type. 
The red cell and white cell counts were, however, definitely less; the 
average numbers though twice as great as in normal indi'viduals were,^ 

nevertheless, within normal limits. 

Urinary sediment and renal function. Renal function was studied in 
certain patients by means of the urea clearance test (3) and the excre- 
tion of phenolsulphonphthalein, but no relationship was observed 
between the degree of renal impairment and the number of casts, and 
red and white blood cells passed in 12 hours (tables 1, 2, 4 and 5). 


DISCUSSION 

In cardiac patients who exhibited no signs of heart faihire Stewart 
and McIntosh (4) found that renal function measured by the an 

Slyke index of urea excretion (5) and ^^P^^^arnm 

tion was usuaUy normal, without reference to whether ttey had pre- 
viously suffered attacks of congestive heart failure. nor 

in these respects, diminution of function tel) ; 

these individuals by means of the concentration and dilution tote t ), 
th r Mtoys could not in many instances eacrete mine of Ingh 

gravity. This impairment was -st fm^ent^ate 

attacks of heart faUure of the “"^ve 
knoivn that decrease in renal function as 

and phenolsulphonphthalein excretion is r q 7 
heart faUure of the congestive variety ^aUetu 

takes place as the signs “""“f “ Lve yet been 

attributed to congesUon of the kidn 7 • of such 

published of the number of formed de^^ 

patients. Increase in albumin ^ failure are as abnormality in 

Lod cells and white blood ceUs in congesUon. The 

the case of chemical tests, commo y fo^ 

actual numbers we have now counted. encountered 

for statisdcal treatment, but the degmes of ^ 

were sufficient, we think, to suggest the lunits 

numbers may be expected to fa . . ^ number of casts, the 

The most consistent finding was increase m tne 
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average being 20 to 60 times greater than normal, depending on the 
severity of the disease. The number was smallest when failure of the 
congestive type had not occurred, somewhat greater when it had, 
though at the moment no signs were present, and greater still when 
they were. Granular casts which Addis (2) did not find in the urines 
of normal individuals were found in approximately half the cases. 

During heart failure and after recovery increased numbers of red 
and white blood cells occur but almost as frequently they are within 
the normal range. When heart failure has not taken place red and 
white blood cells are within normal range, although the averages are 
approximately twice those of normal individuals. But in patients who 
have experienced heart failure the numbers are 10 to 15 times greater 
than normal. In Addis’s (2) opinion it is only the appearance of a 


TABLE 6 


Comparison of average numbers of casts, red hJood cells and •while blood cells found in the 
urine in different states of heart disease 


Casts ' 


No attacks of heart failure < Recovered from failure < During failure 


Red blood 

cells No attacks of heart failure < Recovered from failure =» During failure 

White blood 

cells No attacks of heart failure < Recovered from failure < During failure 


million or more red cells that can be regarded as significant. \Vc could 
find no association, however, between the number of formed elements 
and the number of attacks of heart failure, nor between the degree of 
impairment of renal function (the urea clearance test and the phenol- 
sulplionphtlialein excretion) and the number of formed elements in 
the urine. Etiology, so far as we could sec, played no rOle, though the 
series is small to adopt an opinion on this point. Renal failure casts 
(Addis (7)) were not observed. On the whole it is surprising that the 
number of casts, red blood cells and white blood cells in the urines of 
cardiac patients is so small and tliat it is so little increased during 
cardiac decompensation (table 6), that tliere is, in short, so little 
alteration in function. 

We wish to emphasize a point already made by Addis (2), namely 
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sedimeot in heart EAILIIBE 

J t,i rplk and white blood cells have 
that tie mimbers of casts, ° {urtheimote the numbeis of 

* n y serve only to define the 

formed elements c°»‘f J « ihe iLits or range of vartatrom 

order of magnitude “d “ f Bri ht’s disease, that the absolute 
Tt is only when they are large, reason that the corn 

Sis approximately thesame. 

SIBOIARV . 

•o rtciiflllv increased m 

1 The number of casts found in 12 homs ^ 

ffprine from cardiac diseas , , the greatest numbers 

patients numbers are consi^ ^d, * eon- 

’^^’'^nassed by those patients recovery and fewer stiU m 

2 The 7“'=“ °‘/:„^^pensation was imquenfly ^ 

experienced oardiac de» P^^^ ^ts m those w 

highest normal va ' average nrm e 

aufiered from ^ ^rSose -ho were suSer- 

found in ^ io oormal indivii“^^“ jhe average 

twice as ^ or had recovered from , ^^^^als. 

ing from hear m j the urine of those 

3. The number 0 heart fail ’ ^ in normal 

patients who ^^^^ely twice the avjage 

oumher was usually ^^’^^^o.ation; the average 

individuals. Qvery from cardiac de ^ ^ ^os respec- 

during and after neater approximately being less m 
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THE VARIATIONS OF THE SPECIFIC GRAVITY OF THE 
PLASMA OF THE BLOOD AND THE MEANS 
AVAILABLE FOR ALTERING IT 

By NOiaLVN S, MOORE and IDVROLD J. STEWART 
Wmi THE Assistance of Yetta Pohosowsky 
{From the Hospital of The Rockefeller Institute for Medkol Research^ New York) 
(Received for publication July 10, 1930) 

The protein content of the plasma of the blood can be calculated 
from the observed value of the spedfic gravity of the plasma with 
suffident exactness for certain clinical purposes. This corrdation was 
shown by Moore and Van Slyke (1), who found that the relationship 
is expressed by the formula: Grams total protein per 100 cc. plasma 
equal 343 (G — 1.0070), G being the observed spedfic gravity. They 
induded measurements of the protein content of the plasma of normal 
individuals which were in agreement with those published by Linder, 
Lundsgaard and Van Slyke (2) in 1924, and by Salvcsen (3) in 1926. 
These observers (2) (3) also published data showing that the plasma 
of individuals analyzed over a long period of time exhibits variations 
in the total protein content. That tliere are alterations in the direc- 
tion of a decrease in the protein content of the plasma of the blood in 
patliological states has been shown by Linder, Lundsgaard and Van 
Slyke (2) and by Epstein (4) in nephritis, by Salvescn (5) in drrhosis 
of the liver, in other diseases in which the liver is involved, in diabetes, 
in nephritis, and in anemia, and by others. Decreases both in specific 
gravity and in protein content of the plasma have been shown by 
Butterfield, Erdwurm and Braddock (6) to be present in nepliritis with 
edema and by Moore and Van Slyke (1) in nephritis with edema, that 
is to say, in Bright's disease. 

The physiological variations in the proteins of tlie plasma and tlie 
means by which they may be altered experimentally have not been ex- 
tensively studied. Greene and Rowntree (7) in 1924 demonstrated 
that the protein content of serum decreased after forced administra- 
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tion by mouth at half hour intervals of water to dogs in amounts equal 
to 5 per cent of the body weight. In experiments of 8 hours duration, 
amounts of water equal to 80 per cent of the initial weight of the ani- 
mal were given. They also found that the amount of hemoglobin in 
the blood was reduced and that the decrease occurred most rapidly 
during the first 2 hoiurs, but continued throughout the experiment; 
it was approximately 15 per cent. The total volume of circulating 
blood accordingly increased during the period of d^nished hemo- 
globin concentration. Comparison of the refractive index and of the 
viscosity of the serum did not indicate alteration in the relative pro- 
portion of the serum proteins. Previous to this (1922), Lee, Carrier 
and Whipple (8) observed increase in the total plasma of the blood of 
dogs foUowing ingestion of copious amounts of water. ^ 

In 1925, Cipriani and Moracchini (9) reported observations on the 
concentration of proteins in the serum of car^ac and of ^eptofic 
patients basing their measurements on the refractometnc me& . 
In 9 of 10 patients the protein content of the serum 
per cent 4 hours after rising in the morning. Two normal mdiwdual 
under similar conditions showed no change. No change was ^ 
either in normal or in pathological cases durmg a control penod of 

^R^nSv^ Thompson, Thompson and Dailey (10) published data 

Thev found that increase in protein content of the plasm ^ 
individuals specific 

to ware their used as the anticoagulant, not 

techmque employed by us oxalate w heparin. 

with those reported by Moore a dealing with fac- 

Little information appears therefore ° Jthe blood. 

tors which influence the ^le^methods which affect its specific 

Nor are there many studies on the “«tho ^dertaken. Ob- 

gravity. For these reasons^t ® individuals, others in 

servations were made m the case ^ 
patients in hospital, and others, still, m dogs. 
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TECHNIQUE 

The technique employed for measuring the specific gravity of plasma 
of the blood was that described by INIoore and Van Slyke (1). Samples 
of blood were dra^vn from an arm vein, care being exercised to prevent 
stasis. Heparin was used as the anticoagulant. Evaporation was 
prevented before, during and after centrifuging by stoppering the 
tubes. A small bottle was used to weight the plasma. To obtain 
the specific gravity of the plasma the weight of the volume of plasma 
was divided by the weight of the same volume of water, both being 
at the same temperature. This procedure was performed in duplicate 
and checked ^vithin one or two in the fourth place of decimals. The 
method of calibration of the bottles for water was that described by 
Moore and Van Slyke (1), 

OBSERVATIONS 

The c^cct of anlicoagulants on the specific gravity of the plasma of the 
blood. Because of the extensive use of potasrium oxalate as an- anti- 
coagulant, it was used for this purpose on 3 occasions in order to com- 
pare its effect with that of heparin. Although oxalated plasma shows 
deviations from the values obtained in the case of heparinized plasma, 
there was in these few instances no constant difference between them. 
It is obvious therefore that the formula of Moore and Van Slyke is not 
applicable to oxalated plasma. If a larger series had been compared 
it would perhaps have been possible to correct the values obtained 
in the case of oxalated blood by inserting a constant factor in that 
formula, or else to derive a new formula for use with oxalated plasma. 

Constancy of the specific gravity of the plasma of normal individuals 
during long and short periods. Linder, Lundsgaard and Van Slyke (2), 
Govaerts (11) and more recently Moore and Van Slyke (1) have shown 
that ivhen the protein content of blood is low, as it is in certain cases of 
degenerative Bright*s disease, it remains low over a long period of time 
and returns to a normal level slowly. Moore and Van Slyke (1) 
showed that the specific gravity of the plasma follows a parallel curve 
of recovery. We repeated these observations concerning the specific 
gravity of the plasma in 2 normal individuals on 3 successive days 
and on 4 successive days in a Uurd. The blood was drawn at the same, 
time each day with one exception when there was a delay of 15 minutes. 
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In tMs case although the food taken at breakfast differed, the specific 
gravity ruaintained a constant level. The greatest variation in any 
individual was 0.0003. 

In patients suffering from cardiac disease, aU in water equilibrium, 
. blood was drawn at the same time each day in 5 cases. In each 
instance the level of the specific gravity remained constant. The 
greatest variation observed was 0.0004. The specific gravity of the 
plasma and by inference therefore its protein content remains remark- 
ably constant. 

We have found, as have others (Linder, Lundsgaard and Van Slyke 
(2), Salvesen (3)), that the specific gravity of the plasma of normal 
individuals changes appreciably over long periods of time. In one 
individual the plasma proteins* increased 0.5 gram per 100 cc. of plasma 
and in corresponding fashion the plasma specific gravity 0.0015 in a 
period of 14 months. In the case of a second normal subject, the 
specific gravity of theplasma increased 0,0011 during this time; whether 
a corresponding change in the total protein content occurred is not 
known. 

On one subject the specific gravity was estimated 3 times during 
one day. In the middle of the day it was 0.0006 less than in the morn- 
ing, or in the evening. It may therefore show slight fluctuations in a 
normal individual in the course of a day. 

Comparison of the specific gravity and protein content of the plasma in 
arterial with that in venous blood. When the specific gravity of the 
plasma of arterial and of venous blood, taken at the same time, was 
estimated, as we had opportunity to do in 7 cases, that of venous 
blood was uniformly greater. The difference varied between 0.0006 
and 0.0015 (table 1) and averaged 0.0010. In one instance in addi- 
tion to specific gravity estimations the protein content, obtained by 
chemical analysis (Case 1), was found to be greater in venous blood, 
the difference corresponding to that observed in the specific gravity. 
The application of a tourniquet was not responsible for the difference, 
for in Case 4 (table 1) blood was drawn without the use of one. The 
number of red blood cells, the oxygen capacity of the blood (hemo- 

* The proteins in the plasma were separated into albumin and globi^ frac- 
tions by Howe’s method (12) and determined by Van Slyke’s gasometric micro- 
Kjeldahl procedure (13). 
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globin content), and the percentage of red blood cells to plasma were 
all slightly greater in venous than in arterial blood (Case 5); arterial 
blood appears in short to be more dilute than venous blood. 


TABLE 1 

Diffcrettce in spccijk ^raviiy atui protein content of the plasma of arterial and of cenous bhod 
drawl from the median cubifat vein of (he arm 



M 

Specific gravity of plasma 

Total 

plasma 

protein 

Albu* 

mia 

Globu- 

lia 

Ilema- 

tocrit 

reading 

Red 

blood 

ceU 

count 

Oxygen 

capacity 

of 

blo^ 




trams p<r 
; mcc. 

trams per 
100 ce. 

trams Per 
iOOce, 

percerU \ 
tells 

miUUns 

xrdumex 
Per ca%i 

1 

7106 

Venous 1.0271 

6.51 

3.55 

2.95 






Arterial 1.0264 

6.29 ; 

3.58 

2.71 






Difference 0.0007 

0.22 






2 

7054 

Venous 1.0258 
Arterial 1 . 0252 
Difference 0.0006 







3 

7182 

Venous 1.0265 
Arterial 1.0250 
Difference 0.0015 







1 

7106 

Venous 1,0283 
Arterial 1.0268 
Difference 0.0015 







4 

7255 

Venous 1.0268 
Arterial 1 . 0261 

Difference 0.0007 i 







5 

7318 

V'enous 1 . 0266 









Arterial 1.0254 









Difference 0.0012 







5 

7318 

Venous 1.0263 




45.6 

5.3 

18.3 



;\rteria! 1 . 0256 




44.2 

4.6 

17.7 



Difference 0.0007 




1.4 

0.7 

0.6 


The effect of the injection of salt solution inlravcnously upon the specific 
gravity of the plasma of the blood. The effect of diluting the blood by 
the intravenous infusion of physiologic sodium chloride solution is 
shown in experiments in dogs in which an amount of fluid was injected 
wliich varied between 40 and SO per cent of the total blood volume 


mu soxstotu. or cunicai. umunoATioy, tou »x, xo. 3 
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oTthe plasma 

t.e plasma .ad laUen a00« to 

r:r ^r::: to .e ame-la«oa 

table 2 ^ , 

ESect on specific ,ra.Uy of ike plas.a 


Dog 

number 


Date 


Weight 


Time 


January 7, 1930 


January 8, 1930 
January 9, 1930 
January 10, 1930 

April 7, 1930 


kgm. 

13.25 


Specific 

gravity 

of 

plasma* 


1:55 p.m. 
2:15 p.m. 

2:30 p.m. 
2:45 p.m. 


1.0238 


1.0223 


Remarks 


13.75 


16.90 


3:00 p.m. I-Olis! 


11:25 a.m. 
11:00 a.m. 
11:00 a.m. 

10:54 a.m. 
11:09 

11:14 


1.0223 

1.0240! 

1.0245] 

1.0281 

1.0243 


500 cc. 0.9 per cent salt 
solution intravenously 

SOO cc. 0.9 per cent salt 

solution intravenously 


600 cc. 0.9 per cent sMt 
solution intravenousiyT 


samples of venous blood. ^_q 055 

,.a..p.daea..va.. ^ 

level on the neat day, and two days 

higiicr still. . (doQ 2) the injection of 600 ^ 

(5 SStSn.a^'Si wS waS 
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strates more accurately the degree of dUutiou of the blood which takes 
place after injection of salt solution than does the tet. 

^ Effect of hemorrhage on the specific gravity of tlx plasma. It has 
long been known that protein becomes deficient m the plasma of 

table 3 


Date 

1 

1 

P 

ll 

8.«- 

i/3 

a 

i 

a 

a 5 

s 1 

s 

14 

*5 

0 

'2 * 

5*3 

55 


ktvf. 



Sr<*ms 

P*r 

iOOcc. 


iramS 

Per 

iOOct. 


January 7, 1930 

9.75 

11:00 a.m. 

1.0231 

5,34 

2.94 

2.40 

1.2 



12:00 noon 








4:15 p.m. 

1,0194 

4,41 

2.29 

2. 12 

1.0 

January 8, 1930 

10.70 

11:15 a.m. 

1.0213 





January 9, 1930 


li;00 a.m. 

1.0223 





January 10, 1930 


10:50 a.m. 

1.022-j 





January 15, 1930 


11:00 a.m. 

1.0231 






Remarlta 


No food since the 
day before. 
400 cc. blood 
drawn from a 
femoral ar- 
tery. Water 
allowed as dc- 
siredt 

Given food after 
this sample 
was taken 
Sample taken be- 
fore feeding 
Sample taken be- 
fore feeding 
Sample taken be- 
fore feeding 
Sample taken be- 
fore feeding 


venous blood, 

t This dog presumably had a total blood volume of approximately 1000 cc. Removing 
400 cc. of blood therefore reduced the total blood volume to approiimatcly 60 per cent of 
iu initial value. 


the blood on repeated bleeding (14). As a result of this procedure 
Leitcr and McLean (15) showed that edema takes place in dogs aL 
though the washed corpuscles were returned to tlie blood stream. 
Later, when the proteins were again at normal concentration in the 
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after each voiding and the specific gravity of the plasma was estimated. 
In the first instance (Case 3) the specific gravity decreased 0.0002 
from 1.0260 to 1.0258 (table 5) and in the second instance (Case 1), 
it fell 0 0003 from 1.0271 to 1.0269. In both instances the changes 
were small and may not be significant. Yet the lowest specific gra^ty 
of the plasma occurred at the time of the lowest specific gravity of the 
urine The dift'erence in the magnitude of the results between our 
observations and those in the animals of Greene and Rowntree is due, 


TABLE 5 


EJfect 

on specijk gravity of the plasma of the blood of ingestion of 1000 cc. of water 
(dilution test) 

Case 

number 

Hospital 

number 

Time 

Amount 
o£ urine 

Specific 
gravity of 
urine 

Specific 
gravity of 
plasma 

Decrei^e 
in specific 

gravity 
of plasma 

Remarks 

3 

7182 

7:00 a,m. 
7:05 a.m. 
8:00 a.m. 
9:00 a.m. 
10:00 a.m. 
11:00 a.m. 

cc. 

35 

55 

485 

175 

88 

1.022 

1.017 

1.002 

1.005 

1.011 

1.0260 

1.0263 

1.0258 

1.0259 
1.0262 

0.0002 ' 

1000 cc. water 

1 

7106 

7:00 a.m. 
7:05 a.m. 
8:00 a.m. 
9:00 a.m. 
10:00 a.m. 
11:00 a.m. 
12:00 noon 

I 

420 ^ 

140 

102 

145 

154 

560 

1.020 

1.012 

1.002 

1.004 

1.006 

1.006 

1.0271 

1.0271 

1.0268 

1.0271 

1.0273 

1.0269 

0.0003 

1000 cc. water 


no donbt, to the fact that in their 
of into&ation. On fte other " 

difference m results between o observed definite increase m 

Strasser (20), for in Sestion of 1000 ce. of 

the specific gravity of the plasma followmg the mg 

water. , n. drv diet upon the specific 

Ejffecl of withholding fluid and ^ere made in two pa- 

gravity of the plasma of the secretion by the 

tients during procedures whic The procedure as applied by 

kidneys of urine of high specific gravity. iHe p 
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Stewart and McIntosh (19) is as follows: The patients are given 3 dry 
meals. Each meal consists of bread (toasted) 65 grams, butter 15 
grams, eggs (scrambled) 100 grams, cream cheese 25 grams, and jam 
or jelly 15 to 20 grams. The caloric value of this meal is 600 calories, 
a total of 1800 calories. JsTo water is given from midnight of the day 
preceding the procedure until its end. On the morning of the pro- 
cedure the patient voids at 6 a.m. This spedmen is discarded. He 
voids at 7 a.m., this specimen is saved. The dry meals arc given at 
7.30,10.00 and 11.40 a.m. The patient voids at 9 and 11 a.in., and at 


TABLE 6 

of v.'ithholdmg fluid and giving a dry ditt on the specific gravity of the plasma 
of the blood 


Casc 

number 

Hospita 

number 

Time 

Amount 

ol 

urine 

Specific 
frravity 
of urine 

Specific 

gravity 

of 

plasma 

Increase 
in specific 
gravity of 
plasma 

Total 

plasma 

protein 

Plasma 

albumin 

Plasma 

globub'n 

A/G 

ratio 




rr. 




frams 

Ptt 

iPOre. 

Per 

JOOee. 

tram 

per 

100 cc. 


3 

7182 

7 a.m. 

50 

1.014 

1.0259 


6.56 

4.21 

2.35 

1.7 



9 a.m. 

52 

1.019 

1.0269 







11 a.m. 

SO 

1.020 

1.0271 








I p.m. 

77 

1.024 

1.0272 

0,0013 

6.73 

4.07 

2.66 

1.5 



3 p.m. 

84 

1.025 

1,0270 





1 

1 7106 

7 a.m. 

90 

1.018 

1.0273 








9 a.m. 

48 

1.020 

1.0276 








U a.m. 

75 

1.023 

1.0278 








1 p.m. 

156 

1.020 

1.0286 

0.0013 







3 p.m. 

246 

1.024 

1.0283 







1 and 3 p.m.; each specimen is saved separately. The procedure 
ends after the specimen is collected at 3 p.m. The amount and specific 
gravity of each spedmen are estimated. In normal individuals the 
specific gravity of the urine rises to 1.030. v 

In these patients samples of blood were taken immediately after 
each voiding and spedfic gravity of the plasma estimated. In the 
first instance (Case 3) the specific gravity rose 0,0013 from 1.0259 to 
1^272 (table 6). There was a corresponding rise of 0.17 gram per 
100 cc. m the total protein content of the plasma from 6.56 grams 
per 100 cc. to 6.73 grams per 100 cc. In the case of the second patient 
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TABLE 8 


Effect on the specific gravity of the plasma of the blood of injecting intravenously gum acacia 

into a tjaltent p.^hihiiln o 


Case 

number 

Hospital 

number 

Date 

Specific 
gravity of 
plasma 

Total 

plasma 

protein 

Albumin 
in plasma 

Globulin 
in plasma 

Remarks 





grams per 

grams per 

grams per 






100 cc. 

WO cc. 

100 cc. 


7 

6644 

Apia 19, 1929 

1.0196 

4.6 : 

1.3 

3.3 

Before injection 




1.0199 

3.6 

1.0 

2.6 

After injection 



May 3, 1929 

1.0187 

' 3.8 

^ 1.2 

2.6 

Before injection 




1.0196 

3.4 

1.0 

2.4 

After injection 


TABLE 9 

Specific gravity and protein content of the plasma of cardiac patients 


Case 

□umber 

Hospital 

number 

Date 

Specific gravity of plasma 

Total 

plasma 

protein 

Albumin 
in plasma 





grams per 
100 cc. 

grams per 
100 cc. 

10 

6784 

February 9, 1929 

1.0266 

1.2 

3.8 



March 12, 1929 

1.0277 

7.2 

3.6 



May 27, 1929 

1.0285 



11 

6839 

March 4, 1929 

1.0268 

6.1 

4.0 



March 9, 1929 

1.0294 

7.0 

4.0 

12 

6863 

March 27, 1929 

1.0243 

6.0 

4.0 

13 

6753 

March 12, 1929 

1.0287 

! 7.3 

3.5 

14 

6811 

■ March 12, 1929 

1.0284 

6.9 

4.0 



April 19, 1929 

1.0291 

7.6 

4.6 

15 

6882 

March 26, 1929 

1.0285 

6.8 

3.3 



April 19, 1929 

1.0294 

7.5 

3.3 

16 

6911 

April 18, 1929 

1.0268 

6.2 

3.4 



May 27, 1929 

1.0268 



6 

7182 

January 9, 1930 

7:00 a.m. 1.0259 

6.6 

4.2 




1:00 p.m. 1.0272 

6.7 

4.1 

2 

7106 

January 20, 1930 

Venous blood 1 . 027 1 

6,5 

3.6 




Arterial blood 1.0264 

6.3 

3.6 
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jecdon was 1 .0196 and the total protein 4.6 grams per cent (table 8). 
As soon as the infusion was finished the specific gravity of the plasma 
rose to 1.0199, but the total protein content of the plasma decreased 
to 3.6 grams per cent. T\vo weeks later the injection of 500 cc, of a 
similar solution resulted in similar changes. The increase in specific 
gravity was due presumably to the presence of gum acacia; the fall in 
the concentration of protein is explained partly by dilution of the 
plasma resulting from the volume of solution injected and partly by 
the entrance of fluid into the blood stream due to presence there of 
the hypertonic glucose solution (18). 

Correlation in cardiac patients of the protein content and of the specific 
gravity of the plasma of the blood, Moore and Van Slyke (1) demon- 
strated a close agreement between the specific gravity of the plasma 
and protein content in normal individuals and in patients suffering 
from Bright’s disease (hemorrhagic, degenerative and arteriosclerotic) 
whether edema was or was not present. In a corresponding fashion 
we have measured the protein content and the specific gravity of the 
plasma of a number of cardiac patients both those exhibiting edema 
as well as those free of it. The specific gravity of the plasma and the 
plasma protein content were both within the normal range (table 9). 
A correlation as in nephritic patients was found between the specific 
gravity and the protein content. If these data are inserted in figure 
3 of Moore and Van Slyke’s paper (1) now reproduced as figure 1, 
the points lie about the straight line drawn by them. In calculating 
the plasma protein content from the observed specific gravity their 
formula may therefore be used, in which plasma protein expressed in 
grams per 100 cc. of plasma equals 343 {G — 1.0070), where G is the 
observed specific gravity. 


DISCUSSION 

We have presented data which show striking constancy in the specific 
gravity of the plasma of the blood in normal individuals as well as in 
the plasma proteins. Wc have also presented the results of our at* 
tempts to alter the spedfic gravity of the plasma. 

That the spedfic gradty of the plasma and correspondingly of the 
concentration of proteins in the plasma vary within such small limits 
(0.0003) in normal individuals and in canliac patients (0.0004) is sur- 
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It is a fact that the organism quickly restores to a normal level a 
lowered concentration of protein in the plasma which has been arti- 
ficially induced. This is the situation following large hemorrhages. 
If, on the other hand, deficiency of protein in the plasma of the blood 
is a manifestation of disease, as. is the case in nephritis \vith edema, 
the low level is maintained over long periods of time (1); we are at 
present without measures of increasing the protein content of the 
plasma within a short tinre. The attempts to increase the specific 
gravity of plasma independently of its protein content by intravenous 
injections of gum acacia were only partially successful, since the addi- 
tion of relatively large amounts of it to the circulating blood resulted 
in only slight rises in the specific gravity. 

SUMMARY 

1. The anticoagulant used has an effect on the specific gravity of the 
plasma. If data are to be compared with those published by Moore 
and Van Slyke, heparin must in consequence be used. 

2. It has been demonstrated that the spedfic gravity of the plasma 
and, on the basis of Moore and Van Slyke*s observations, the plasma 
proteins of normal individuals show remarkable constancy for short 
periods (days) provided the samples of blood are taken at the same 
time each day. 

3. In patients suffering from heart disease who were in water balance 
the maximum and minimum daily variations in the specific gravity 
were 0.0004 and 0 respectively. 

4. In two normal individuals the variations were 0.0015 and 0.0011 
over a period of 14 months. There was corresponding variation in the 
protein content of the plasma. 

5. The spedfic gravity of the plasma of a normal individual varied 
0.0007 in the course of a day. 

6. The protein content and the spedfic gravity of the plasma of 
arterial blood is less than of venous blood. 

7. The injection intravenously in dogs of normal salt solution re- 
sulted in decrease in tiic spedfic gravity of the plasma of the blood. 
The administration of water 1000 cc. by mouth to human beings de- 
creased the specific gravity of the plasma, however, only slightly. 
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This study deals with the concentrations of lactate, chloride, and 
reducing substances, and with the optical activity of ultrafiltrates 
from 49 specimens of cerebrospinal fluid from 9 patients with menin- 
gitis. In 6 instances comparisons of the concentrations of lactate, 
chloride, and reducing substance in blood and spinal fluid are given. 
The change in concentration of lactate, and reducing substances, and 
in the optical activity in four specimens of cerebrospinal fluid during 
incubation at 37® for 1 or 2 days is reported. 

In an earlier study (1) we showed that the greatest part of the levoro- 
tatory substances detected in protein free ultralfiltrates from blood, 
consists of the salts of ddactic acid present in the blood or formed in 
vitro as the result of the glycolysis of the sugar. In this study, when 
sufficient fluid was available, polarimetric observations were made to 
determine whether changes in the rotation observed are correlated 
with the lactates found in the cerebrospinal fluid in meningitis. 

LITERATURE 

Normal cerehrospiiial fluid 

An examination of the literature has revealed analyses for sugar or lactate 
in cerebrospinal fluid from individuals supposedly quite normal in 28 subjects by 
5 obser\'cr3. The results are shown in table 1. In addition to these there can be 
gathered from the literature data from various authors on patients in whom it was 
reasonably assumed by the authors that the disease from which the patient suffered 
would not be associated with abnormal values for the constituents of the cere- 
brospinal fluid under consideration. 


' National Research Council Fellow in Medicine. 
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ner similar to that observed by Halliday (12) and Goodwin and Shelley (13) in the 
case o£ changes o£ sugar content. The changes of blood and fluid lactate content 
in eclampsia appear to resemble those following exercise (40). 

In view of the above, and the paucity of data on resting subjects, lactic add 
concentrations from 6 to 30 mgm. per cent must be considered within the normal 
range, though the upper part of the range is probably too high for subjects at rest. 
Chevassut (41) denies the presence of lactates in cerebrospinal fluid in vivo, but 
the weight of evidence seems against her interpretation, 

Cldoruie. The normal average chloride content of cerebrospinal fluid as deter- 
mined by different observers is remarkably consistent. Hamilton (42) found 
124ni-Eq. per liter, Becker (5) 125, while Stewart (24) and Neale and Esselmont 
(10) found 124 and 125 respectively in children over five years of age. The great 
majority of the analyses on normal or supposedly normal fluids lie between 121 
and 130 m.Eq. per liter. 

The history of investigation into the origin of cerebrospinal fluid has recently 
been outlined by Levinson (35). Fremont-Smith (43) has summarized the evi- 
dence favoring the view that the fluid is a dialysate or filtrate. 

Cerebrospinal fluid in jneningiiis 

Reducing substance. It has long been known that in certain diseases the amount 
of reducing substance in the cerebrospinal fluid is greatly diminished. It is almost 
invariably low in purulent meningitis (2, 3, 7-’ll, 13, 17-23, 44) and occasionally 
in syphilis of the central nervous system, especially in untreated cases (5, 13). 
Neale and Esscimont (10) following the changes in concentration of redudng sub- 
stance during the course of several types of meningitis rcporte^sChipractcristic 
changes in the various types. Geldrich (21) noted that in tuberculous meningitis 
there is occasionally a rise in the concentration from a low valuc#to normal or 
nearly normal figures shortly before death. 

lAidiite. Oomparatively few studies have been made on the lactate content of 
cerebrospinal fluid in meningitis. Nishimuru (36) reported a slight increase in 
tuberculous meningitis, and Killian (19) and Osnato and Killian (8) noted high 
lactic add concentrations (up to 84 mgm. per 100 cc.) in cases of several different 
types of meningitis. They found that in subjects responding to treatment the- 
values became normal previous to discharge, while in those terminating in death 
the Lactic add content remained high. Glaser (37) reported 91 mgm. per 100 cc. 
in a case of influenzal and 150 mgm. per 100 cc. in a case of strep tocoede menin- 
gitis, and Schcller (20) found an elevation of lactic add in five cases of tuberculous 
and one of pneumococcic meningitis. Nishida (3) reported elevation of the lactic 
add content of cerebrospinal fluid in cases of meningocoede, tuberculous and 
pneumocoede meningitis. More recently, Geldrich (21) published a scries of 
cases of tuberculous meningitis in which the lacU'c add was consistently elevated, 
Fasold and Schmidt (45) and Margrcth (46) also have reported an elevation of 
lactic add in cases of meningitis. 
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^ All investigators a^ee that the lactic acid content of cerebrospinal fluid is 
increased in suppurative and tuberculous meningitis, the amount of increase re- 
ported varying with the severity of the disease. Geldrich (21) and Garda, Killian 
and De Sanctis (47) agree that the lactic acid content of the fluid is of value as a 
guide to the patients progress, and of more value in this respect than the sugar 
content of the fluid. Geldrich observed that during a large part of the iibess, 
the sum of glucose and lactic acid tends to remain within or close to normal limits, 
but as a fatal termination approaches, the sum usually increases. He found a 
rather steady but slow increase in lactic acid of the cerebrospinal fluid during the 
progress of tuberculous meningitis, until during the last week it would rise more 
rapidly, often to 120 mgm. per 100 cc. 

Chloride. A lowered chloride concentration in cerebrospinal fluid in tuberculous 
meningitis seems generally recognized. Nowicka (48) found in sixty cases of tuber- 
culous meningitis, values ranging from 87 to 116 m.Eq. per liter with a mean of 102, 
in general falling in the final stages nearly to the lower figure. In meningococcic 
meningitis the range was 108 to 120 m.Eq. per liter. Wilcox, Lyttle and Hearn 
(11) find a mean concentration of about 109 for tuberculous meningitis, and 
report the blood chlorides also lowered though not to so great an extent. Linder 
and Carmichael (49), however, find that the ratio of cerebrospinal fluid chloride to 
blood chloride is unaltered in meningitis and conclude that the fall of chloride con- 
centration in the cerebrospinal fluid in meningitis is dependent on a similar fall 
in the chloride concentration of the serum. Neale and Esselmont (10) find that 
the changes in the chloride concentration of the fluid during the progress of the 
disease show special features in each type of meningitis. The range of values they 
report are, however, similar to those referred to above. 

METHODS 

The specimens of spinal fluid, except where otherwise noted, were obtained by 
lumbar pimcture and were taken immediately to the laboratory. When the punc- 
ture was made at night, the fluid was kept in the refrigerator until the following 
morning, but ordinarily not over an hour elapsed between collection and analysis. 
For polarimetric readings it was necessary to remove proteins. Ultrafiltration 
through collodion sacs was the method used, and for the sake of uniformity this 
procedure was carried out preliminary to all analyses. The filtration was rapid 
and only occasionally required over twenty or thirty minutes. 

Reducing substances (“sugar”) were determined by the method of Folin and Wu 
after appropriate dilution, and chlorides by that of Van Slyke (50). The lactic 
acid determinations were made by the method of Friedemann, Cotonio and Schaf- 
fer (51), and were carefully controlled by determinations made on blanks and on 
known quantities of pure zinc lactate. The green light of a mercury vapor lamp 
was used for polarimetric readings. The optical activity is expressed in terms of 
the milligrams of dextrose per 100 cc. required to give the same rotation, using 
63.03° as the specific rotation of dextrose for a wave length of 5416A. Details 



S. L. WRIGHT, JR., E, F. HERR ^\ND J. R. PAUL 


447 


regarding the instrument and the metliod of preparing and using the collodion 
sacs are given in the earlier papers (1, 52, 53). By expressing the optical activity 
in terms of dextrose eitlier plus or minus, comparison between the optical activities 
of fluids of differing actual dextrose content (as determined by reduction) can be 
made more conveniently tlian when rotation is expressed in degrees. 

The fluids were tested with phenol red before the polar irae trie observations to be 
certain that they were not add in reaction. This was necessary in view of the 
change which marked variations in the pH exert upon the optical activity of lac- 
tates (1). 


RESULTS 

Normals 

A few determinations were made on cerebrospinal fluids collected 
in the Out-Patient Departntent for Wassermann determinations. 
Wbile obviously none were from persons in perfect health, fifteen of 
them were apparently normal fluids from persons suffering from a 
variety of diseases but with presumably normal chemical composition 
of the cerebrospinal fluid. Among them are patients admitted for 
diagnostic study as well as patients suffering from heart disease, paraly- 
sis agitans, chronic maxillary sinusitis, and cerebrospinal syphilis. 

In these fifteen cases the sugar concentration in the fluid varied 
from 43 to 95 and averaged 66 mgm. per 100 cc., and the lactic acid 
varied from 12 to 31 and averaged 19 mgm. per 100 cc. 

Meningitis 

Our data include one case of pneumocoede, one of tuberculous, 
three of streptococcic and four of mcningococdc meningitis. A total 
of 49 spedmens of cerebrospinal fluid from these nine cases were exam- 
ined, Except for one case of streptococcic and three of meningococcic.^ 
infection, data are not available before the day previous to death. 
Forty of the fluids examined were from these four cases. 

In neither of tlic cases showing eventual recovery did we secure 
suitable specimens for analysis during the period of improvement and 
return to normal. In Case 6, no punctures were made later than 
those here recorded. In Case 1 a few were made but the fluids were 
not analyzed as treatment at this period was by irrigation of the entire 
canal with saline. 

It was contended by Goodwin and Shelley (13) that a low sugar 
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concentration in the cerebrospinal fluid after intraspinal administra- 
tion of antimeningococcus serum is of no diagnostic value. Analyses 
of serum prepared by two manufacturers, showed reducing values 
of 12 and 12 mgm. per 100 cc., lactic acid concentrations of 70 and 50 
mgm. per 100 cc. and chloride concentrations of 95 and 100 m.Eq. per 
liter respectively. This is a deviation from the normal values for 
spinal fluid in the direction reported in cases of meningitis. A com- - 
ment as to the servun treatment is therefore in order. In Cases 1, 2, 
and 6 from 12 to 30 cc. of antimeningococcus serum were injected 
usually twice daily immediately after removal of the specimen for 
analysis. Thus an average period of 12 hours elapsed between serum 
treatment and removal of the specimen. In Case 7, 15 cc. of sera were 
injected on each occasion, but at longer intervals. The specimens 
recorded were collected from one to nine days after the last previous 
treatment. In Case 9, one injection of 25 cc. of antistreptococcic 
serum was made, five hours previous to the collection of the last ante- 
mortem specimen. 

Reducing 

The sugar content in our series of cases is generally lowered, half the 
specimens showing a sugar content of 20 mgm. per 100 cc. or less. 
The only marked exception is in Case 5 where the sugar in the fluid 
was 90 mgm. per 100 cc. In this patient the blood sugar was 254 mgm. 
per 100 cc. and a relatively high fluid sugar was therefore to be ex- 
pected. 

/ Lactic acid 

The lactic acid concentration increased in some cases eight to ten 
fold, four times becoming greater than 150 mgm. per 100 cc. m the last 

specimen prior to death. . 

Only seven observations showed less than 30 mpn. of lactic acid per 
100 cc. Of these, six are during the favorable period of Case 1. 

We do not find the constancy in the sum of lactic acid and sugar 
concentrations reported by Geldrich. In Case 1 for 
fell below the normal range and in Case 6 the sum exceechd 100 on two 
successive days but the patient eventually recovered. The sum does, 
it is true, rise to a high figure previous to death. 
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Thirty chloride determinations were made and the results range 
from 77 to 126 m.Eq. per liter being under 121 m 83 per cent of the 
observations and under 110 in 50 per cent. We therefore find, m 
agreement with others, that the chloride concentration is lowered, 
sometimes very considerably, in suppurative meningitis. Only five 
observations fell within the range 121-130 m.Eq. per liter and three 
of these occurred in a patient (Case 6) who finally recovered. 
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* Lactic acid and reducing oa whole blood; chloride on scrum. 


Ratio of concentrations in hlood and cerebrospinal fluid 

On SIX occasions we examined blood and cerebrospinal fluid taken 
almost simultaneously from cases of meningitis. The results of 
these determinations are shown in table 2, together with the approx- 
mate mean normal values. In the case of lactic acid, the ratios vary 
from 2.4 to 7.4 contrasted with a normal value of 0.8. The normal 
ratio for sugar is about 0.66 but in our cases of suppurative meningitis 
the ratios were from 0.06 to 0.39. In the case of chloride, tiic ratio 
found by us is normal, a confirmation of the observ'^adons of Linder and 
Carmichael mentioned earlier (49)- 
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Optical activity 

Few observations of the optical activity of cerebrospinal fluid have 
been recorded and none to our knowledge, have previously been made 
on fluids from patients with meningitis. Lundsgaard and H^lboll 

(54) reported six fluids from patients with normal carbohydrate metab- 
olism. The glucose content varied from 68 to 83 mgm. per 100 cc. 
as determined by reduction and from 18 to 37 mgm. per 100 cc. by 
optical activity. On allowing the fluids to stand for 48 hours, the 
reducing values remained nearly constant, while the polarimetric 
values increased to approximate agreement with them. Hagedorn 

(55) in similar experiments in a larger series of fluids found reduction 
values corresponding to from 43 to 70 mgm. of glucose per 100 cc. 
The optical activities were, however, nearly zero, and standing for 
48 or 72 hours did not alter the findings. The increase of optical 
• activity of cerebrospinal fluid on standing, described by Lundsgaard 
and Hjflboll could not be confirmed. 

In view of the above disagreement of results, Gram, Nielsen and 
Rud (56) made a similar study. In three out of eleven specimens an 
increase of optical activity greater than the experimental error, was 
observed on standing. They suspected that the small amount of pro- 
tein present in cerebrospinal fluid might be altered or precipitated on 
standing and cause an increase in rotatory power. Their results in 
four fluids of patients with normal carbohydrate metabolism from 
which the proteins were precipitated by means of lead acetate together 
with a series in which the glucose was removed by dialysis, readings 
made, and the protein then precipitated, indicated to them that the 
wide discrepancy between the polarimetric and reducing methods of 
determining glucose was caused by the presence of proteins, and that 
alteration or disappearance of the proteins was the cause of the rise in 
optical activity reported by Lundsgaard and H^boU. Their data 
showing the results of polarimetric observations after the precipitation 
of proteins, are the only ones comparable to our results after ultrafiltra- 
tion. They report glucose contents, based upon the optical activity, 
of 50, 58, and 61 mgm. per 100 cc., whereas those estimated by reduc- 
tion were 65, 76, and 64 respectively. 

In our cases of suppurative meningitis, the cerebrospinal fluid was 
found to be actually levorotatory in 13 of 19 instances. This fact, 
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together with the high lactate content of the fluids and the absence 
of proteins, suggests that the lactates are present in the form of salts of 
d-Jactic acid, all of which are levorotatory. We have found this to be 
the case in ultrafiltrates of glycolysed blood. In order to show the 
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Fig. 1. The App/VRzkt Amount op Levorotation (Expressed in I^Iillicr^vms of 
Dextrose per 100 cc.) in Spinal Fluid Compared wmi Its Lactate 
Content 

Circles represent fluids from lumbar puncture; shnded circles, from cisternal 
puncture; squares, postmortem, and triangles, after incubation. The approximate 
line for blood is indicated by dashes, and the error of the polarimctric reading (i 10 
nigm.) by the vertical line. 

relation between the lactate concentration and the apparent amount 
of levorotation, the data bearing upon it are plotted in figure 1. The 
apparent amount of levorotation is a calculated value, being the milli- 
grams of dextrose it would be necessary to add to 100 cc. of the fluid to 
make the optical activity of the fluid equal that of a pure solution of 
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dextrose of the concentration indicated by the reducing determinations. 
It will be observed that the points tend to fall along a curve similar to, 
but not identical with that drawn for blood in our previous paper (1), 
The six points lying together somewhat apart from the others are 
those (five of them from Case 6) in which the total optical activity was 
dextro-rotatory. In the curve drawn from blood we Obtained, by 
glycolysis, a figure for the non-glucose reducing substances and sub- 
tracted this from the reducing value in computing the apparent levoro- 
tation. In calculating the apparent levorotation of the spinal fluid as 
shown in figure 1 , no allowance is made for non-glucose reducing sub- 
stances. That they are absent is probably not true but they can 
hardly introduce an error that invalidates our conclusion drawn from 
figure 1 that there is a relationship between the apparent levorotation 
and the lactate concentration. 


Glycolysis 

Specimens of normal cerebrospinal fluid handled in a manner to 
avoid contamination, showed no alteration in reducing substance on 
standing at room temperature or in the incubator as long as 48 hours. 
This is in agreement with the recent report of Nielsen (57) who found 
that the lo^s of sugar frequently did not begin until a much longer time 
had elapsed than we allowed. Chevassut (41) found glycolysis occur- 
ring promptly and rapidly in normal fluid. Fasold and Schmidt (45) 
found insignificant changes of sugar and lactate in fluids from cases of 
meningitis. 

Four specimens of fluid from a case of meningococcic meningitis 
were allowed to stand for 24 or 48 hours in an incubator. The concen- 
tration of reducing substance was small at the start and remained 
virtually unchanged. The lactate content, however, originally large, 
became less, and the optical activity showed a correlated diminished 
amount of levorotation. The data are shown in table 3 and are in- 
cluded in figure 1 as triangles. The fluids were allowed to stand as 
drawn, but the protein and cells were removed by ultrafiltration before 
the polarimetric reading. 

This change in optical activity is in the same direction as reported by 
Lundsgaard and Hjflboll and in three instances by Gram, Nielson and 
Rud. No lactic acid determinations were made in those studies. 
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While the presence of proteins would be a disturbing factor in any 
study of optical activity, our experiments indicate that alterations in 
lactic acid content may be of considerable significance. 

TABLE 3 


The efcct of incubation ui cerebrospinal fluid in vteningitis. Case 7 


Day of disease 

Incubated 

Lactic acid 

Reducing value 
(dextrose 
equivalent) 

Rotation 

(dextrose 

equivalent) 

Apparent le\’U- 
rotation (dcx. 
trosc equivalent) 


dayt 

rngm, per 100 u. 

; Mtm. Per 100 cc. 

mtm. Per 100 cc. 

per too cc. 

15 { 

Fresh 

65 

15 

-34 

49 

1 

36 

10 

-29 

39 

[ 

Fresh 

103 

24 

-77 

101 

21 1 

1 1 

93 

20 

-73 i 

93 

1 

2 ' 

19 

15 

0 

IS 

27 { 

Fresh 

93 

18 1 

-61 

79 

1 

23 

13 


18 

30 1 

Fresh 

172 

15 

-101 

116 

1 

56 

15 

-20 i 

35 


DISCUSSION 

Insufficient evidence is available to satisfactorily establish the 
mechanism of formation of normal cerebrospinal fluid and the relation 
between the concentration of its chemical constituents and the same 
constituents of the plasma, although evidence for the importance of 
dialysis or filtration through the membranes of the choroid plexus is 
impressive. The e.xpIanation of pathological observations is ob\dously 
even more complex. The apparently greater disturbance of glucose 
and lactic acid equilibrium than of chloride equilibrium between 
plasma and fluid may be due to the conversion of glucose to lactic acid 
by leucocytes and bacteria, probably especially the former. 

CONCLUSIONS 

1. Lactic acid determinations on the cerebrospinal fluid give striking 
evidence of abnormality in cases of suppurative meningitis and tlie 
lactic acid concentrations are more or less related to the severity of the 
clinical sjTnptoms. 
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dextrose of the concentration indicated by the reducing determinations. 
It will be observed that the points tend to fall along a curve similar to, 
but not identical with that drawn for blood in our previous paper (1). 
The six points lying together somewhat apart from the others are 
those (five of them from Case 6) in which the total optical activity was 
dextro-rotatory. In the curve drawn from blood we dbtained, by 
glycolysis, a figure for the non-glucose reducing substances and sub- 
tracted this from the reducing value in computing the apparent levoro- 
tation. In calculating the apparent levorotation of the spinal fluid as 
shown in figure 1, no allowance is made for non-glucose reducing sub- 
stances. That they are absent is probably not true but they can 
hardly introduce an error that invalidates our conclusion drawn from 
figure 1 that there is a relationship between the apparent levorotation 
and the lactate concentration. 


Glycolysis 

Specimens of normal cerebrospinal fluid handled in a manner to 
avoid contamination, showed no alteration in reducing substance on 
standing at room temperature or in the incubator as long as 48 hours. 
This is in agreement with the recent report of Nielsen (57) who found 
that the lo^s of sugar frequently did not begin until a much longer time 
had elapsed than we allowed. Chevassut (41) found glycolysis occur- 
ring promptly and rapidly in normal fluid. Fasold and Schmidt (45) 
found insignificant changes of sugar and lactate in fluids from cases of 
meningitis. 

Four specimens of fluid from a case of meningococcic meningitis 
were allowed to stand for 24 or 48 hours in an incubator. The concen- 
tration of reducing substance was small at the start and remained 
virtually unchanged. The lactate content, however, originally large, 
became less, and the optical activity showed a correlated diminished 
amount of levorotation. The data are shown in table 3 and are in- 
cluded in figure 1 as triangles. The fluids were allowed to stand as 
drawn, but the protein and cells were removed by ultrafiltration before 
the polarimetric reading. 

This change in optical activity is in the same direction as reported by 
Lundsgaard and Hj^ilboll and in three instances by Gram, Nielson and 
Rud. No lactic acid determinations were made in those studies. 
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2. In suppurative meningitis the ultrafiltrate of the cerebro- 
spinal fluid is usually levorotatory* The parallelism between degree 
of levorotation and lactic acid concentration suggests that the latter 
is present in the form of levorotatory d-lactates, which is the same 
form that has been found in glycolysed blood. 

3. The ratio of the concentration of chloride in the blood to that 
in the cerebrospinal fluid in suppurative meninigitis was not found 
altered from the normal. 

4. The sugar and lactic acid ratios were markedly altered, the cere- 
brospinal fluid being relatively high in lactic acid content and low in 
sugar content 

PROTOCOLS 

Case L Unit history number 8658. White male, age 20. Admitted December 
25, 1928, called the 2nd day of disease, complaining of headache, fever and occa- 
sional chills. Lumbar punctiure revealed a cloudy fluid, pressure 22 mm. Hg, 

I cells 12,500 per cubic millimeter largely polymorphonuclear, few organisms. 
Antimeningococcic polyvalent serum was introduced. The following day a posi- 
tive Kernig^s sign and distinct rigidity of the neck were noted. Under serum treat- 
ment the fluid cell count fell to as low as 300 ; his temperature became normal on the 
fifth day of disease and improvement was noted for several days thereafter. His 
general condition then steadily grew worse imtil the 21st day of disease when 
improvement was again noted. Vision was dear, no headache; he looked and 
talked better. That afternoon the fluid from the lumbar puncture ran slowly 
and showed 14,400 cells. On the 22nd day no fluid could be obtained; apparently 
there was a block. On the 23rd day, cisternal and lumbar punctures were made 
and the canal irrigated with saline. This was repeated the following day, and 
from that point recovery was rapid and continuous. Patient discharged March 12, 
1929. Temperature during stay in hospital was 37.5 to 39-8°C. Spinal fluid cul- 
ture showed meningococci. Our data include the early improvement and later 
decline, but do not include any figures dining the final improvement and recovery 

Case 2, Unit history number 8881. White male, aged 41. Onset was sudden. 
Admitted in the afternoon of January 9, 1929, having worked as usual the previous- 
day. Patient was unconscious. Physical examination was negative except for 
rigidity of neck and a temperature of 40.0°C. Spinal fluid turbid with 20,800 
cells, many diplococci. Blood leucocyte count was 16,400. Patient never re- 
covered consciousness and died following a generalized convulsion on January IL 
Blood culture showed many colonies of meningococci. 

Case 3. Unit history number 8322. White girl, age 13. Tonsillectomy early 
in December 1928. Readmitted in a stuporous condition January 12, 1929. Had. 
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Case <?. Unit histoo" number 9303. White male, age 44, Admitted in delir- 
ious state Februar>' 6, 1929, called the second day of disease. Had sustained 
severe injury in left frontal region of the head. Reflexes were hyperactive. 
Kernig’s sign positive, Babinski negative. Blood leucocytes were 29,000. He 
died the following day. Pneumococcus, Type IV, was cultured from blood and 
spinal fluid. 



Fig. 3, I^actate Content of Cerebrospinal Fluid i.n Meningitis 
SvTnboIs as in figure 2 

Case P. Unit histor>- number 9397. White bo}', age 8. In latter part of 
December 1928, he had a gastro-intestinal attack and at this dme the right car 
commenced to discharge. Fcbruar>’ 8, ear stopped draining. Admitted February 
12, 1929, called the second day of disease. Thigh was flexed on abdomen, subject 
irritable with rigid neck, positive Kernig’s, photophobia, no tenderness over mas- 
toid. Anterior ccr\dcal lymph nodes were pialpabic. Impression: meningitis, 
secondary to middle car disease. Lumbar puncture: fluid turbid with 2,700 cells 
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left. On lumbar puncture, 30 cc. cloudy fluid were removed, at pressure 26 mm. 
Hg, and containing 17,000 cells per cubic millimeter. Daily administration of 
antimeningococcic serum was given partly intraspinally and partly intravenously, 
with apparent mental improvement. The spinal fluid pressure steadily diminished,' 
until by the seventh day when with the pressure at 12 mm. Hg, a little mental re' 
retardation was noted* Serum sickness developed. Serum was withheld until 
the twelfth day, with gradual disappearance of urticarial lesions and less mental 
apathy. On fifteenth day, he was irritable, head drawn to the left, neck rigid. 



Fig. 2, Reducing Substance in the Cerebrospinal Fluid in Meningitis 
Normal range indicated by vertical line. Case numbers indicated. Other 
S3nnbols as in figure 1. 

fluid pressure 36 mm. Eighteenth day, pressure 56 mm. Hg; he seemed better 
On the nineteenth day he asked for food. On the twenty-seventh day the canal 
was irrigated with saline between cisternal and lumbar pimctures. Thirtieth 
day: pressure 20 mm. Hg, fluid bloody and ran slowly. The respiration became 
labored and death occurred on March 5th, the thirty-fourth day of disease. 
Temperature in hospital, 37.2 to 39.4®C. Spinal fluid showed pure culture of men- 
ingococcus. Our data include the recovery from serum sickness and the final 
decline. 
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chiefly polynuclear cells, many streptococci, at pressure of 12 mm. Hg. Mastoid- 
ectomy was performed on the third day; bloody pus was found in right mastoid. 
He became progressively worse. On the sixth day antistreptococcic serum was 
injected; fluid pressure 24 mm. Hg. Died February 18. Temperature in hospital 
was 39.4 to 40.0°C. Spinal fluid cuitme showed hemolytic streptococci. 
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Careful survey of the literature does not reveal many examinations 
of the cardiac muscle for inorganic elements. As a matter of fact I 
have only been able to discover one analysis of the human heart which 
makes any pretension to a detailed series of dctcmiinations, by Le- 
matte et al. (1) and this apparently was only on one heart. These 
investigators deti^ined the percentages of alkali and alkaline earth 
metals, phosphoric acid, iron, and dry residue, and reported their 
results m the form of the hydro-xides of sodium, potassium, calcium 
and magnesium. ’ 


Deteminations of potassium and sodium have been recendy made on 
human heart and skeletal muscle by Harrison, Pilcher, and Ewing (2). 
Norn (3) ^so gives a series of potassium and sodium determmations 
made on the human dog and ox heart. Matthews (4) presents some 
hgures on the morgamc constituents in his textbook. Aside from 
f analyses complete or partial have so 


.Vmong these earlier workers who laid the foundation for our present 
J^owledge of physiological action of potassium, sodium and ildum 
Aenoteworthy arcHowell (5) and Ringer (6). Zwaardemaker (7) has 
wittan recent years extended and developed the earlier invesdgations 

i 

That the quantity and propordons of the inorganic constituenU of 
the inusde are ^tally important to its activity is self-evident and that 
witMn limits they wiU vary from individual to individual in health 
and disease is a reasonable assumption, ilaidma and minima as well 
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as optimum proportions have been frequently demonstrated in 
amphibian hearts by Zwaardemaker and others; the questions arise 
just what amounts in the human hearts are compatible with life and 
continuous function, and how do they vary in disease? Quah'fied 
answers can only be given in terms of arithmetical means which are 
equivalent to generalities for the reason that rarely is any death free 
from contributory causes that make classification at best only an 
approximation. Nevertheless the determination of the average pro- 
portions of the important inorganic elements in diseased cardiac 
muscle cannot be without interest, and with this object in view the 
analyses were made. 

The results are believed to be accurate and dependable. On fresh 
hearts a total of 69 analyses were made, eleven however, for water, ash, 
sodium and potassium only, since the relation of other elements was 
considered to have been sufficiently well established with the first 58 
analyses. 

A large number of the alkali determinations were discarded because 
of probable inaccuracy. The later ones were made with a modified 
technique, checks having shown these results to be within the limits 
of experimental error. 

Analyses include the determination of water, ash, P3O5, Fe^Oa, CaO, 
MgO, K 2 O, and Na20. The alkalies are expressed in terms of oxides 
for the sake of uniformity. 


method 

Segments of the left ventricle of the hearts were cleared of epicardium and 
blood vessels and passed through a meat grinder. 

Water. Two portions of this ground material were weighed out in beakers. 
Either 31 or 34 grams were taken in order to obtain from five to seven grams of 
dry substance. These portions were dried gradually, beginning at about 85°C. 
and increasing to 100°C. for several days until a relatively constant weight was 
obtained. Constant weight to better than 5 mgm. was hardly obtainable within a 
reasonable time, nor was the result appreciably modified by even greater differ- 
ences. Ammonia salts are probably responsible for this difficulty. Alternate 
heating and drying in a vacuum was tried with but little better success. The 
duplicate determinations usually agreed well to the second decimal place. 

Ash was determined by igniting 5 or 6 grams and in later determinations 10 
grams of dried pulverized muscle in a silica dish at as low a temperature as possible, 
and keeping the contents just at red heat until white. In this way melting to- 
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gcther of the salts was prevented, and while it is usually impossible to completely 
free the ash of carbon, the amount is so small as hardly to effect the percentage. 
The majority of these determinations were made in duplicate with 5 to 6 gram 
quantities, but in later analyses for potassium and sodium alone with only one 
portion of 10 grams. The addition of sulphuric acid as suggested by Norn (3) or 
of nitric add was not found to be of assistance in destroying organic matter. 

Phosphoric add. The ash from 5 to 6 grams of dried heart musdc tissue was 
then taken up with strong nitric add, evaporated to do^^ess, redissoivcd in 20 to 
25 cc. of 25 per cent nitric add, 20 cc, of 34 per cent ammonium nitrate solution was 
added, the contents of the beaker heated to boiling, and the phosphates predpi- 
tated wdtli hot 30 per cent ammonium molybdate solution added slowly from a 
pipette. The precipitate of ammonium phospho-molybdate \yas filtered off and 
w’ashcd with dilute ammonium nitrate solution. It Avas then dissolved on the 
filter with ammonium hydro.ridc and predpitated with magnesium chloride solu- 
tion and the P 2 O 4 determined from the according to the method of Woy 

described by Treadwell ( 8 ). Reduction of the phospho-molybdatc and titration 
with standard permanganate solution gave good results but was not employed as 
a routine method. 

The sUght excess of ammonium molybdate appears not to influence any of the 
later determinations. The removal of the molybdenum is very tedious and tlie 
possibility of loss of other elements during the numerous manipulations incident 
to Uie removal is in no wise compensated for by subsequent case in liandling the 
solution. 

Iron was estimated in the filtrate from the phosphates by tlie addition of ammo- 
nium hydroxide. 

Calcium was precipitated in the filtrate from the ferric hydroxide with a few 
drops of 15 per cent ammonium o.xalate solution. The amount of lime is small 
and it is necessary to heat for some time with occasional stirring and to wait until 
tlie calcium oxalate has completely settled before filtering off. The calcium oxalate 
Avas ignited to CaO and weighed as such. 

Magucsitan is precipitated in the filtrate from llic calcium oxalate Avitli slight 
excess of 15 per cent ammonium phosphate solution. It is necessary to stir very 
thoroughly until the solution begins to cloud and then to add approximately one 
fifth volume of strong ammonium hydroxide to insure complete precipitation. 
Standing over night facilitates this separation. Duplicate determinations almost 
invariably agree vcr>’ closely. 

Potassium and sodium Averc determined citlier by using the ash from 5 to 6 grams 
of dried nuitcrial or of that from 10 grams. In both instances solution of the ash 
was affected Asltli strong HCl, tlie solution evaporated to drjmess, and again dis- 
solved in a few drops of IICI- It Avas then diluted Avith water made alkaline with 
KK 4 OH and stirred thoroughly. Milk of lime according to the suggestion of 
Goto (9) or 25 per cent calcium chloride solution to completely prcdpitalc the 
phosphates and finally .ammonium oxalate to get rid of the excess of ffme were 
added- The beaker Avas allowed to sUnd at least 2 to 3 hours, preferably over 



466 


INORGANIC CONSTITUENTS IN HEART MUSCLE 


night. In this manner all lime, iron, phosphates, calcium, and magnesium are 
eliminated and nothing remains in solution but ammonium and alkali metal salts. 

From this point on the method of Finkner-Neubauer (8) which reference to 
Neubauer’s (10) original work shows to be extremely accurate was used for the 
determination of potassium and sodium. 

When 5 to 6 grams of dried muscle were used for the determination, the filtrate 
from the precipitate containing the other elements was acidified with sulphuric 
acid, evaporated and heated to remove excess of acid and ammonium sulphate. 
The residue was then heated to constant weight using solid ammonium carbonate 
and the resultant sulphates weighed. 

Where 10 gram quantities of dried muscle were employed the procedure was the 
same except that dilution was first made to 250 cc. in a volumetric flask and 25 cc. 
quantities equivalent to 1 gram of the original were measured out for each determi- 


TABLE 1 

Control of method of analysis 


Calculated: Sulphates from 0.1 gramNaCl and 0.1 gram KCl — 0,2383 gram; platinum 
from 0.1 gram KCl = 0.1314 gram 


Number 

Sulphates 

Platinum 

KCl 

Nad 


grams 

grams 

grams 

gratns 

1 

0.2370 

0.1316 

0.1002 i 

0.0986 

2 

0.2382 

0.1290 

0.0982 

0.1005 

3 

0.2348 

0.1314 

0.1000 

0.0970 

4 

0.2378 

0.1316 

0.1002 

0.0992 

5 

0.2368 

0.1316 

0.1002 

0.09S4 

6 

0.2358 

0.1296 

0.0987 

0.0991 

Average 

0.2367 

0.1308 

0.0996 

0.09S8 


nation. In this way three or more determinations could conveniently be made 

on each heart. , ^ ... ^ 

The mked sulphates were dissolved in a smaU amount of water with the ad - 
tion of a few drops of HCl. This solution should be perfectly dear; ^bichty is . 
indicative of incomplete removal of phosphates. Excess o p tmim ori e is 
then added, and the filtration and reduction of the chloro-platmate rame 
according to Neubauer. The factors used for the conversiou of the pktoum 
its equivalents were 0.4811 for K.O, 0.7612 for KCl and 0.8905 for 

These manipulations are tedious but have the merit of co^iderable ^ wy. 
Trials with known quantities of KCl and NaCl gave 
The tables of Neubauer show that when notable quantiU^ of , ^ 

and sodium salts or excess of platinum chloride, or sulphunc aad, were added to 
solutions, the estimation of the potassium contamed m 

affected. The method of Kramer and Tisdall (11) determinmg potassium with 
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sodium cobaltinitritc or the application of Kramer and Gittlemaa’s (12) gas 
measurement method employed by Haaison, PHcher and Ewing (2) is doubtless 
more convenient but can hardly be more accurate than this old established olati- 
num method. ^ 

The scries of sh consecutive determinations of KCl and NaCI in a muture of 
the salts were made without any spedai precauU'ons and in Pyrex glass vessels 
as W'cre all those on the cardiac muscle (sec table 1). 

The main is encountered with mixed suiphates. The compounds 

. j’ said to be produced by the sulphuric add are not readily con- 

verted with ai^omum carbonate toncutralsuiphatesfromO.’ffram of the mixed 
cMoridcs but tJm was very satisfactorily accomplished with the smaller quandtics 
ob^cd from 1 gram of muscle tissue. There seems to be a tendencj' for the 
Mdium to be ow; the potassium usuaUy checking very well The potassium and 
sodium chlorides used were Baker and Adamson C.P, analyzed chemicals. 

HCESJJVTS 

The hearts on which the determinations were made were utilized 
as quickly after autopsy as possible. They represent a large variety 
of diseases, of which those resulting from degenerative changes in the 
cardiovascular system were in the majority. 

An attempt to classify the determinations was made, but owing to 
the fact ^at two or more diseases were commonly present at the same 
time and the mipracUcability of working out worth while constants 
for die group, this arrangement has been abandoned for the present 

Table 2 contams a summary of 58 analyses for water, ash, phos- 

magnesium, together with the results of 33 
and 32 determinations respectively of potassium and sodium. 

Another table (table 3) comprises the classification of the analyses 
according to the raaal groups. It will be observed that tljcre is no 
sjgmfi^t difference behveen white and colored individuals though 
ot be Unfortunately there are only four analyst 

Na O^ont available for comparison of the K-O and 

^a.0 contents consequenUy the standard deviation and probable 

LTb^'^'ib J»ve been computed 

thaf “pcct from hearts 

det^ to be deplored that 

not drim^rn' of persons 

> b '^'■^®“''‘="'’tavailableforcomparison,butitseemsquite 
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probable that even were it possible to always distinguish absolutely 
normal hearts variability in the constituents would likewise be found. 
During the course of the work the percentage of NaaO was not 


TABLE 2 

Simimry of analyses 


(Percentages obtained on the basis of diy muscle tissue. Water .excepted) 


Constituents 

Number of 
hearts 

Mean 

Probable error ] 
of mean ; 

Standard 

deviation 

HjO 

58 

per cent 

80.130 

±0.139 

1.5690 

Ash 

58 ; 

4.509 

±0.040 : 

0.4506 

PsOs 

58 

1.855 

±0.021 

0.2325 

FciO, 

58 

0.085 

±0.0032 

0.0360 

CaO 

58 

0.071 

±0.0035 

0.0397 

MgO 

58 

0.137 

±0.0018 

! 0.0209 

K 2 O...; 

33 

: 1.101 

±0.031 

! 0.2666 

NajO 

32 

1.191 

±0.026 

0,2145 


TABLE 3 
Racial grouping 


(Percentages on the basis of dry muscle tissue. Water excepted) 


Constituents 

White 

Colored 

Number 

of 

hearts 

Mean 

Probable 
error of 
mean 

Stand- 
ard de- 
viation 

Number 

of 

hearts 

Mean 

Probable 
error of 
mean 

Stand- 
ard de- 
viation 



per cent 




Percent 



H 2 O 

17 

80.090 

±0.207 

1.267 

52 

80.230 

±0.142 

1.521 

Ash 

17 

4.474 

±0.070 

0.429 

52 

4.564 


0.468 

PsOi 

16 

1.771 

±0.062 

0.168 

42 

1.888 



FCiOa 

16 


±0.006 

0.034 

42 




CaO 

16 

0.091 

0 

0 

d 

0.041 

42 




MgO,.... 

16 

0.131 

±0.003 

0.016 

42 




K 2 O 

! 4 

0.926 



29 

1.125 



NaiO 

4 

1.380 



28 

1.164 


0.204 


d to be in excess of the KoO. There was no reason 
y of the determinations and the inversion of the 
often enough to indicate that this is of some 
I a- ceof cardiac contractility. (The proba. 
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and 0.074 per cent- 
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NaoO in. 33 analyses are between 1.768 and 0.740 per cent for KoO and 
between 1.760 and 0.740 per cent for NajO. 

The variability is, however, more apparent than real. One has only 
to examine the columns of figures to gain the impression that there is a 
tendency to grouping within rather close limits. The least yaruable 
of aU the constituents is the magnesium and this element is fairly 
constant regardless of disease. As already stated there appears not to 
be any correlation between age or disease and any of the constituents. 
Calcium, wHch might be expected to exceed in arteriosclerotic cfianges, 
is no higher proportionately than in the hearts of individuals dyin^ 
carcinoma ; nor is age a factor in raising calcium jalues. ^ 

Anyone who has observed a large number of hearts cannot fail to 

wonder why an organ showing few if any 

pathological changes comes to a complete standshll, ^ 

Ld, one is equally at a loss to explain how a 

anemic-looking heart with sclerotic changes or p 

stenotic valve flaps can maintain hfe as long as i 

arise in the mind as to whether or not organic toxic producte ar 

ZtZ rt^sible for the cessation of cardiac rhytoaty and hence 

such as might be obtained ^ P means of determining 

of accidents. This would probably be the sodium 

the actual proportions of calcium, magnesiim. potassium, 

salts indispensable to normal tassium in heart 

Some insight into the role p y j. ( 5 ) and Howell (5) 

tissue has been derived fmm ® researches of Zwaardemaker 

and their collaborators. The me ^ c maintain contrac- 

(7) on the proportions of potassium ^ ^3 el^j^ient has 

tiUty Md on the ^ Furthermore, the investigations 

opened up a new field of researc . ywaardemaker (15) on the 

of Haberlandt, (13) and Demoor ( ^ “automatin,” which 

•‘Herzhormon,” "substance sensabdatrice 
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accortog to Zwaardemaker is equivalent to, or at least bears a strong 
resemblance to, the vitamin B of Eijkman are of interest. All tile 
more is ^’s so as Zwaardemaker has found that this substance is 
virtually inactive ivithout having been first irradiated by some radio- 
active substance, or when the perfusing solution contains potassium 
Accorc^g to Zwaardemaker’s work, the potassium gives ofif energy 
m the form of beta emanation, which is a vital necessity for the main- 
tcnance of cardiac rhythmidty. 

That calaim, potassium, and sodium are to a greater or lesser degree 
antagomstic m their action on the cardiac mechanism is abundantly 
evident from the work of these men. This, of course, leads to the 
condusion that for the maintenance of normal conditions there are 
optunal proportions of calcium, potassium, and sodium. That such 
an equihbnum must, of course, be maintained in the human heart 
equaUy as well as in the hearts of lower animals admits of no argument. 
It 13 therefore not impossible that many of the analyses for these neces- 
inorganic elements would if adequately interpreted reveal a 
Asproportion among these elements incompatible with cardiac func- 

E-vamm^on of the cardiac tissue, using MacCaUum’s (16) method 
f demonstatmg potassium in situ, was very satisfactory. There is 

Emplo^ent of MacCallum’s stain on sections of the auriculo-ventiic- 

the c^ of the conducting tissue than wthin muscle cells of the 
ventricle, but this is uncertain for the moment Therf' ic ^ 
no doubt that the connective tissue surrounding the conduction fibcTs 

“ potassium, which is suffident to account 
for &e lower percentage m the bundle than in the ventricular musde 

IS an mvanable and apparently a necessary constituent of 
musdetissue. cddum and sodium,TKrobabirnot^ 



470 


INORGANIC CONSTITUENTS IN HEART MUSCLE 


Na20 in 33 analyses are between 1.768 and 0.740 per cent for K«0 and 
between 1.760 and 0.740 per cent for Na20. 

The variability is, however, more apparent than real. One has only 
to examine the columns of figures to gain the impression that there is a 
tendency to grouping within rather close limits. The least variable 
of all the constituents is the magnesium and this element is fairly 
constant regardless of disease. As already stated there appears not to 
be any correlation between age or disease and any of the constituents. 
Calcium, which might be expected to exceed in arteriosclerotic changes, 
is no higher proportionately than in the hearts of individuals dying of 
carcinoma ; nor is age a factor in raising calcium values. 

Anyone who has observed a large number of hearts cannot fail to 
wonder why an organ showing few if any macroscopic or microscopic 
pathological changes comes to a complete standstill, and, on the other 
hand, one is equally at a loss to explain how a small or large flabby 
anemic-looking heart with sclerotic changes or with perforated or 
stenotic valve flaps can maintain life as long as it does. Questions 
arise in the mind as to whether or not organic toxic products are 
entirely responsible for the cessation of cardiac rhythmicity and hence 
all life processes, or whether perhaps an imbalance between the in- 
organic constituents exists which is sufficient to cause death. Un- 
forttmately, these analyses do not throw any light on the problem and 
from this standpoint do not afford the explanation it was hoped they 
would. Perhaps it is mainly because no accurate determinations of 
the inorganic constituents in a long series of “normal” hearts exist, 
such as might be obtained from healthy persons dying as the result 
of accidents. This woifld probably be the only means of determining 
the actual proportions of calcium, magnesium, potassium, and sodium 
salts indispensable to normal cardiac activity. 

Some insight into the role played by calcium and potassium in heart 
tissue has been derived from the work of Ringer (6) and Howell (5) 
and their collaborators. The meticulous researches of Zwaardemaker 
(7) on the proportions of potassium necessary to maintain contrac- 
tility and on the importance of the radioactivity of this element has 
opened up a new field of research. Furthermore, the investigations 
of Haberlandt, (13) and Demoor (14) and Zwaardemaker (15) on the 
“Herzhormon,” “substance sensabilatrice” or “automatin,” which 
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Part I 

XHE o. BQX^Ob™ OB BOKO CASKS W.XH XKCOKK^O 

VENODS BBOOD 

of s “““ “ “• "f* ■Wo 

o^^gen and carbon dioxide contems'^S 

principle ( 1 ) of measuring drculation rate ” ° “iterest since Pick’s 
In animals the study otthhhuT V in 1870. 

of the right side of the heart or by inLdra'^of Puncture 

jugular vein into the right auricle 1 *o 

usuaUy been considered justified for^u3s"“‘1 J»ave not 

and recourse has therefore been had °/ «^cnmental study, 

tonometer, in the attempt to brine the I, ^ 
i^owing venous (pulmonary artery) 

the character of this inflow^g bl^d Annr'^T alters 

to o..yge„ or carbon dio.xide diLdaln 

the 0. and CO. contents of theS Sives 

ods on this prindple have been devised Numerous meth- 
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equilibrium to be reached, a sample of the air was withdrawn through 
the catheter. The sample was supposed to have the same tensions of 
O 2 and CO 2 as the incoming venous blood. . This method assumed 
that the procedure did not appreciably affect the general circulo- 
respiratory equilibrium; and it also called for considerable heroism 
on the part of the subject. It has been little used since. 

Four years later Plesch (3) developed the technique of rebreathing 
gas mixtures in and out of a rubber bag. He attempted to bring the 
rebreathed mixture into equilibrium both with the O 2 and CO 2 of the 
venous blood. In order to make the oxygen of the mixture sufficiently ’ 
low, a preliminary rebreathing of pure nitrogen was employed. Plesch 
was the first to make the assumption that if, after successive periods of 
rebreathing, the gases in the bag reached constant values, these values 
therefore represented equilibrium with the incoming venous blood. 
We shall return later to a consideration of this assumption. 

The measurement in 1914 by Christiansen, Douglas, and Haldane 
(4) of the effect of oxygenation upon the CO 2 dissociation curves of 
whole blood led to a further simplification of tedinique. If a proper 
mixture of CO 2 and air (or CO 2 and O 2 ) were rebreathed, it should be 
possible to oxygenate the incoming blood, without at the same time 
causing any alteration in its CO 2 content. The CO 2 tension of this 
blood will, of course, be raised over the true venous level, due to its 
oxygenation. Blood in this state was called “oxygenated venous,” 
or (Y. Henderson and Prince (8)) “virtual venous” blood. The tech- 
nique of Christiansen, Douglas, and Haldane was as follows: the sub- 
ject, after a short preliminary rest period, inhaled from a small rubber 
bag a mixture of from 6.5 to 10.0 per cent CO 2 in air (sometimes CO 2 
in oxygen), held the mixture in the lungs 4f seconds, then expired about 
1 liter, held the breath 6 seconds longer, then made a complete expira- 
tion. Samples of the two fractions were analyzed. In some experi- 
ments three partial expirations were made, at 4, 9, and 13 seconds. 
If the CO 2 values of these successive samples were the same, or nearly 
so, it was believed that equilibrium had been obtained. Further evi- 
dence of equilibrium was obtained by having the subject rebreathe 
successively (o) a mixture which when mixed with alveolar air would 
give a CO 2 tension higher than the oxygenated mixed venous; and then 
(&) a mixture giving too low a tension. Thus the equilibrium level was ap- 
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preached both from above and below. It was assumed here that the 
ung gases became completely mixed by being simply held in the lungs 
or 45 seconds; and also that the equilibrium with the incoming blood 
codd be reached in 4Hor 9) seconds by the necessary transfer of ZZ 
to or from the circulating pulmonary blood. TheoreticaUy, if miSr^ 
mhe limp were not perfect, it would have been quite posdble for an 
nhalcd imxture that was too low to give in the 4| second sample a 
value higher than the completely mixed air, on account of the grLter 
proportion m that sample of air from the bag; while the lOJ second 
^ple imght equal Ais value by increase of CO* in it, derived from 
*e blood; without, however, complete equilibrium ivith the venous 
blood having been reached at any time. In the cases where suceSe 
experiments with different initial mixtures were perfonned and Zd 
agreement was obtained, this possibility was eliminated. ’ ® 
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a CO 2 tension was readied after 3 or 4 trials which remained constant 
through further rebreathings. This was considered to be the oxygen- 
ated venous CO 2 tension, and it was suggested that the venous CO 2 
content could then be obtained by equilibrating a sample of the sub- 
ject’s blood, with this rebreathed air. Henderson and Prince checked 
their method in two ways: (a) they found that by their method of 
“intermittent rebreathings” the same final equilibrium tensions were 
obtained whether they started with a high or low CO 2 tension in the 
rebreathing bag. They also investigated the effects of holding the 
air in the limgs (or of rebreathing it slowly) for varying lengths of time, 
from 3 to 20 seconds or more. Thus, they obtained one equilibrium 
value, with successive periods of rebreathing, each of 3 seconds’ duration, 
another value after a series of rebreathing, each of 10 seconds’ duration, 
and so forth. They found that between 6 and 16 seconds, a “plateau” 
level was reached, the equilibrium values obtained for these durations 
of rebreathing, being essentially the same; these values they inter- 
preted to be the oxygenated venous CO 2 tension. Thiswas a fairinfer- 
ence, except that they did not know what their oxygen tensions were; 
and it is possible that the transient interruption in a steady rise of 
venous CO 2 (as represented by the “plateau”) was only an apparent 
equilibrium, due to a falling off of lung O 2 tension with consequent 
check in the CO 2 tension rise. 

Meakins and Davies (9) in 1922 employed a technique similar to 
that of Henderson and Prince with the difference that the air was 
regularly rebreathed in and out of the bag twice, instead of simply 
being held in the lungs. They believed that in this manner, more 
perfect mixture could be obtained. 

Bar croft, Roughton, and Shoji (10) equilibrated the oxygen in the 
subject’s limgs with that in the venous blood, instead of equilibrating 
the CO 2 . This they did by simply rebreathing pure nitrogen. They 
found in successive trials that the oxygen tension soon reached a con- 
stant level each time at the end of 7 or 8 seconds of rebreathing. This 
level was maintained till about the twentieth second, after which it 
decreased rapidly. (This latter fact demonstrated the time of onset 
of recirculation of blood.) The CO 2 tension at this equihbrium level 
was lower than that of true mixed venous blood, .on account of the 
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large admixture of nitrogen and very low oxygen tension. Barcroft 
and his associates recognized this and made certain corrections for it. 

At about the same time, Redficid, Bock and Meakins (11) devised 
an extrapolation method for determining simultaneously both the 
actual CO2 and O2 tensions of mixed venous blood. They rebrcathed 
a given mixture of CO3, O2 and Ng, and took a sample at the end of 
5 seconds and another at the end of 10 seconds. These were analyzed, 
plotted on a COa-Oa tension diagram and aline drawn, connecting the 
two and extrapolated beyond. Similar experiments were done using 
different initial rebreathed mixtures. It was found that the lines 
drawn through the various pairs of 5 and 10 second points, when extra- 
polated, tended to meet at the same point. This was inferred to re- 
present the mixed venous tensions. The procedure assumed that tlie 
rate of change of CO2, during equilibration, held a constant ratio to 
that of O2. The authors found further that the point of intersection of 
two or more axtrapolated lines was also crossed by a horizontal line 
drawn at the CO2 tension as obtained by the Henderson-Prince 
tcctoique. This last point casts a certain doubt upon the accuracy 
of the method; because the Hendcrson-Princc oxygenated venous CO3 
tension ought to have been considerably above their own true mixed 
venous COa tension. 


Recently GroUman (12) has compared values of cardiac output as 
obtained by the use of this extrapolation technique, \vith similar values 
by the acetylene method, and finds satisfactory agreement. 

In 1922 Douglas and Haldane (13) continued further the e.xperi- 
ments whidi Christiansen, Douglas, and Haldane had made in 1914 
Wving the oxygenated and reduced CO, dissociation curves and the 
O, dissoaation curves of their subjects, these workers were able to 
lind both the oxygenated mixed venous CO, levels and the true mixed 
venous CO3 and O. levels in successive experiments on the day 
and compare the arteriovenous differences (or circulation rates), so 
obtained. The method used differed slightly from their earlier one. 
A mixture was made up in a Douglas bag whidi had appro.ximatcly 
the desired concentrations of CO, and O, (previously determined by 
a pilot txpenment). Three successive complete inspirations were 
then made from the bag, each inspiration having been preceded by a 
complete e.xp.rat.on to the outside air. The last Inspiration ivas held 
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a CO 2 tension was readied after 3 or 4 trials wiiich, remained constant 
through further rebreathings. This was considered to be the oxygen- 
ated venous CO 2 tension, and it was suggested that the venous CO 2 
content could then be obtained by equilibrating a sample of the sub- 
ject’s blood, with this rebreathed air. Henderson and Prince checked 
their method in two ways: (a) they found that by their method of 
“intermittent rebreathings” the same final equilibrium tensions were 
obtained whether they started with a high or low CO 2 tension in the 
rebreathing bag. They also investigated the effects of holding the 
air in the Ixmgs (or of rebreathing it slowly) for varying lengths of time, 
from 3 to 20 seconds or more. Thus, they obtained one equihbrium 
value, with successive periods of rebreathing, each of 3 seconds’ duration, 
another value after a series of rebreathing, each of 10 seconds’ duration, 
and so forth. They found that between 6 and 16 seconds, a “plateau” 
level was reached, the equilibrium values obtained for these durations 
of rebreathing, being essentially the same; these values they inter- 
preted to be the oxygenated venous CO 2 tension. This was a fair infer- 
ence, except that they did not know what their oxygen tensions were; 
and it is possible that the transient interruption in a steady rise of 
venous CO 2 (as represented by the “plateau”) was only an apparent 
equihbrium, due to a falling off of lung O 2 tension with consequent 
check in the CO 2 tension rise. 

Meakins and Davies (9) in 1922 employed a techmque smular to 
that of Henderson and Prince with the difference that the air was 
regularly rebreathed in and out of the bag twice, instead of simply 
being held in the lungs. They beheved that in this maimer, more 
perfect mixture could be obtained. 

Barcroft, Roughton, and Shoji (10) equilibrated the oxygen in the 
subject’s lungs with that in the venous blood, instead of equihbrating 
the CO 2 . This they did by simply rebreathing pure nitrogen. They 
found in successive trials that the oxygen tension soon reached a con- 
stant level each time at the end of 7 or 8 seconds of rebreathing. This 
level was maintained till about the twentieth second, after which it 
decreased rapidly. (This latter fact demonstrated the time of onset 
of recirculation of blood.) The CO 2 tension at this equihbrium level 
was lower than that of true mixed venous blood,. on account of the 
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dent to oxidize the blood completely, and that the CO2 tension was 
correspondingly 1 to 3 inin. lower than when CO2— Oa mixtures were 
rebreathed. They showed also that the same CO3 level was reached 
at the end of the second as at the end of the sixth rebreathing, thus 
indicating a plateau level, from which it was inferred that a state of 
equilibrium had been reached. The matter of the diluting effect of the 
residual alveolar air was discussed, as to whether this might prevent a 
true equilibrium with venous blood being attained. This was tested 
by adding to the bag 12 cc. of pure CO3 between rebreathing periods; 
it was shown in three experiments that the same level was reached in 
15-20 seconds, whether the extra COa was added or not. In their 
further experiments, however, in measuring circulation rates in various 
individuals the mked venous values were so variable in some instances, 
and the circulation rates so large, that the question does arise as to 
whether a true equilibrium with venous blood can be reached by this 
method in all subjects. 

In further work from the same laboratory, recently reported, (17) 
this possible source of error has been eliminated. The technique now 
employed is to have the mixture in the rebreathing bag about 2 or 3 
mm. higher in CO2 content than the expected oxygenated venous level, 
thus compensating for the diluting effect of the alveolar air. The 
present authors also, in a recent communication (18), have reported a 
similar technique. 

Field, Bock, Gildea, and Lathrop confirmed Barcroft, Rough ton, 
and Shoji in demonstrating that at rest, the time when evidences of 
recirculating blood began to be apparent was at the end of about 20 
seconds of rebreathing, the CO2 tension then starting a progressive rise 
above the plateau level. 

The importance of having sufficient oxygen in the rebreathing mix- 
ture, in all methods of obtaining oxygenated venous tensions, is 
stressed in two recent papers by Israels and Lamb (19). 

The most elaborate of all experiments so far reported for arriving 
at the actual state of the mixed venous blood have been those of Bur- 
well and Robinson (20). These investigators by the use of a double 
rebreathing system, first washed out the subject’s lungs by two res- 
pirations from a spirometer containing nitrogen, then completed the 
equilibration by rebreathing suitable mixtures of CO2, Oj, and Nj. 
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They took their sample at the end of about 20 seconds from the time 
of the first respiration. Sy employm^ this technique successively 
with mixtures that were above and below equilibrium levels, in their 
initial CO 2 and O 2 tensions, and reaching essentially the same final 
values with each, they concluded that they had arrived at the true 
mixed venous tensions. In order to convert tensions into blood gas 
contents, samples of venous blood were equilibrated in tonometers 
with the lung air samples obtained at the end of rebreathing. 

This method, though laborious, would certainly seem to be as nearly 
free of theoretical objections as any that has yet been described. 

One further point has received special attention recently and that is 
the question of completeness of mixtuure of the lung gases, — whether 
the samples in the rebreathing bag are identical with the air in the 
pulmonary alveoli. On this subject, GroUman and Marshall (21) 
have reported some experiments which indicate that only after about 
5 rebreathings taking at least 12 to 15 seconds, is such complete mixture 
obtained. On the other hand, Bock, DiU and Talbott (17) have found 
that simply holding an inhaled mixture in the lungs for 5 second 
periods is as efficient in this respect as rebreathing the mixture a 
greater number of times. Earher work on this problem was done 
by Sonne (22). 

Hamilton, Moore and Kinsman (23), in a recent paper, have justly 
criticized the intermittent rebreathing methods, in that in all of these 
(except where CO 2 is added to the bag between rebreathings), irrespec- 
tive of what the initial rebreathed mixture is, actual equihbrium will 
will always be arrived at from below, on accoimt of the diluting effect 
of the residual air in the lungs. They have, however, advanced a 
further hypothesis, namely, that at any given moment, while the body 
is at rest, the “blood in the lungs is not wholly venous but more or less 
arterial in some parts and venous in others, and the tension of the lung 
air is an expression of the average of these various tensions.” On 
this hypothesis, they believe that it is possible that the continued re- 
breathing of a CO 2 — O 2 mixture will only very gradually — in IS to 20 
seconds or more — come into equilibrium with the actual venous (pul- 
monary artery) blood, being delayed by the arterialized blood in the 
lungs. We do not see the justification for this latter deduction. 
Irrespective of how the blood in various individual lung capillaries 
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may differ in rate of flow, the blood in these capillaries will be exposed 
at once to pulmonary gases and ^vill presumably come into equilibrium 
with these gases promptly; whereas all the blood behind this capillary 
blood will be mixed venous blood, and all blood in front of the capil- 
lary blood will be arterialized blood. If the lung and blood tensions 
are sufficiently close so that lung-blood equilibrium occurs when blood 
and gas come in contact in the alveoli, then the only way by which a 
true general equilibrium can be delayed is by incomplete mixing of 
gases in various parts of the lungs during the first few seconds of re- 
breathing. If this were the case, there might be some of the alve- 
olar spaces that remained for these few seconds untouched by the re- 
breathed COj— O 2 mixture. Practically this is not a problem with 
normal individuals, as by proper rebreathing methods, complete mix- 
ture of lung gases can readily be obtained. 

The experiments reported by Hamilton, Moore and Kinsman are 
clear. They used a mixture of 6 per cent of CO* in oxygen in a re- 
breathing bag. Their subject then rebreathed this mixture for six 
seconds, rested, rebreathed again for six seconds, and so forth until 
a constant CO 2 tension was found in the bag upon successive rebreath- 
ings. The same procedure was employed with 9, 12, 16, and 25 
second rebreathing periods. It was found (contrary to Henderson 
and Prince's work) that no plateau level was reached but that the COj 
tension increased progressively from the sixth to the twenty-fourth 
second. 

This can readily be e.xplained, it seems to us, by the simple hypothesis 
that in this subject the diluting effect of the residual air is more than 
can be made up for by passage of CO 2 from blood into lungs before re- 
circulation occurs. Another set of experiments is also reported, in 
which CO 2 was added to the bag before eadi rebreathing. Again no 
plateau level was found; but here only three rebreathing times were 
measured, 8, 16, and 24 seconds, so that even if a plateau had existed 
in tiie interval from 10 to 20 seconds (where it has usually been re- 
ported) the data would not have shown it. 

Further evidence of the ^^partial arterialization'' of lung blood, as 
given by the authors, was that upon rebreathing a COi-O* mixture, 
the total CO 2 in lungs and bag together, appeared to decrease during 
the first few seconds. This CO 2 , it was argued was absorbed by the 
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arterialized blood in the lungs. It seems more probable, as suggested 
in a somewhat different connection several years ago by Christiansen, 
Douglas, and Haldane (4), that the CO 2 thus lost passes into the tissue 
fluids of the lung, in raising them from alveolar to oxygenated venous 
CO 2 tension levels. 

Mixed venous values can of course be derived indirectly from car- 
diac output figures as obtained by foreign-gas inhalation methods, pro- 
viding the gas contents of the arterial blood, and the minute output of 
CO 2 or absorption of O 2 , are known. The extensive work that has been 
done by these methods is outside the scope of the present study. 

It is self-evident and weU-recognized that all the methods cited 
above, of obtaining mixed venous blood values, are based on a number 
of inferences. 

The development of a method whereby blood can be drawn from 
the right heart or pulmonary artery, and compared with “mixed 
venous” values obtained on the given subject at the same time by one 
of the indirect methods, will probably be necessary before the absolute 
accuracy of these methods can be known. 

Forssmann (24) recently reported an experiment in which he passed a 
catheter into his own arm vein, along the subclavian and superior vena 
cava and so into the right heart. He did not make any blood-gas 
measurements. 

Lauter (25), with Bauman and Friedlander, has investigated the 
volume output of the heart by actual puncture of the right ventricle 
and of an artery in man, and has found that the average arteriovenous 
oxygen difference under basal conditions in normal man is about 5 
volumes per cent, and the average volume output of the heart about 
4.5 liters per minute. This agrees satisfactorily with the results ob- 
'.ained by several of the indirect methods in the literature cited above, 
h general, certain foreign-gas inhalation methods appear to give values 
lightly lower than this, and certain Fick principle methods values 
)mewhat higher; this work has been recently reviewed by MarshaU 

Even after the direct determination of the CO 2 and O 2 in the blood 
>m the right heart has been made, with the establishment of the 
•.uracy, or the amount of error, of the indirect methods, these latter 
thods will probably continue to be used in experimental work, as 
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3. The assumption is made that within the duration of these re- 
breathings (variously taken from 12 to 28 seconds) there is no appre- 
ciable amount of recirculating blood. The argument is made, reason- 

CDough, that if there were recirculating blood in progressively 
increasing quantities, there would be no "'plateau” of equilibrium; 
as will be shown more fully later, however, a considerable amount of 
recirculating blood will cause only a slight upward trend to the CO 2 
plateau, and such a trend is present in most of the reported data. 
Thus there is good reason to suspect recirculation of the coronary 
blood. This error would make the mixed venous CO 2 tension, as 
measured, something less than 0.5 mm. above the actual mixed venous 
value. 

4. It is assumed that the rebreathed air and the blood in the lungs 
are in perfect equilibrimn in respect to CO 2 , and in respect to O 2 also 
when true mixed venous tensions are being studied. When oxy- 
genated venous values are being sought, it is assumed that equilibrium 
exists in respect to CO 2 and that the blood hemoglobin is completely 
saturated with oxygen. This last point was demonstrated for the 
Field, Bock, et al. (16) method in two experiments by them, involving 
arterial pimctures 20 seconds after rebreathing _was begun. More 
recent work (27) from the same laboratory, however, suggests that 
even with hyperventilation and high alveolar O 2 values, the arterial 
blood is rarely more than 97 per cent saturated. If this is the case, 
then the assumption of complete saturation involves a small error; 
this will make the oxygenated mixed venous CO 2 tension, as measured, 
lower than the actual oxygenated mixed venous O 2 tension. 

The assmnption of lung-blood equilibrium, so far as the true mixed 
venous blood (both a CO 2 and O 2 equilibrium) is concerned, has not 
previously been tested. 

5. It is assumed that with the use of high oxygen mixtures to ob- 
tain oxygenated venous CO 2 values, when a plateau of CO 2 tension is 
reached, this will represent on the CO 2 curve the true level of CO 2 in the 
venous blood. There is a dear fallacy here, first pointed out to one 
of us several years ago by Dr. C. D. Murray. As oxygen is contin- 
ually being absorbed, the total volume of rebreathed air is diminishing 
and CO 2 , therefore, becoming concentrated, and the final equilibrium 
value obtained for CO 2 will be above that of the incoming venous 
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blood. The extent of this effect will be shown by calculation presently 
to be in the region of 0.5 mm. 

It is not improbable that the effects described in paragraphs 4 and 5 
tend to neutralize eadi other. 

6. !Most of the methods previously employed depend, for the demon- 
stration of equilibrium values, upon successive rebreathing periods, 
usually four or more within 15 to 30 minutes. They thus assume a 
steady state in the subject's circulo-respiratory conditions. With 
trained subjects the constancy of results obtained would seem ample 
justification for this. 

7. All of the methods based on the general technique of Henderson 
and Prince make the further assumption already referred to; namely 
that the diluting effect of the residual air in the lungs can always be 
compensated for by CO2 given off from the blood in the pulmonary 
vessels; and, therefore, that when the same value is reached, on suc- 
cessive rebreathings, this value represents the mixed venous level. 
That such an assumption is unwarranted has already been indicated. 
With a given constancy of technique, some constant value would al- 
ways be reached eventually, whether this value had any relation to the 
mixed venous blood or not. Thus, suppose the following conditions: 
(a) air in bag 2,000 cc., containing 44 mm. CO2; (b) residual air 1700 
cc. containing 35 ram. CO2; (c) oxygenated mixed venous tension 
47 ram. COi; (d) and the amount of CO2 that can be given off into the 
lung air from the blood in 20 seconds as 20 cc. A simple calculation 
Tvill show that when this bag mixture is rebreathed for 20 seconds, 
the final ^^equilibrium” value will always be 44 mm. CO2 in the bag and 
lungs. (In this calculation, for purposes of simplification the effect of 
O3 absorption during the process is neglected.) 

By altering tlie length of time of rebreathing, as Henderson and 
Prince (8) did, or by changing the mixture used, between rebreathings, 
as Field, Bock, et al. (16), and Bock, Dill, and Talbott (17) have done, 
this possible source of error can be investigated. It should be borne 
in mind, however, that this method may be applicable to some sub- 
jects and not to others. The subject of Hamilton, Moore and Kins- 
man’s (23) experiments, for e.xample, was apparently one of the latter. 
In general, those subjects with large arteriovenous differences, low 
circulation rates, and large residual air volumes relative to the volumes 
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as described, (6, 12, 13) has been done in comparing one method with 
another; the greater part of this has been in comparisons of Fick- 
principle \vith foreign-gas circulation rate methods. (6) There has 
been almost no work directed toward the determination of the limits of 
variation in composition of rebreathed mixtures, within which limits 
an apparent equilibrium with incoming blood can take place. And 
conversely, there has been a tendency to accept ^'plateau^' or apparent 
equilibrium values as mixed venous values, (c) There has been rela- 
tively little study of the actual process of equilibration during the course 
of a single rebreathing technique. 

Sudi studies should help to reveal the presence of false equilibrium 
values, or systematic differences of one method as compared with 
another. 

In the experimental work which forms the second part of the present 
study, an attempt has been made to do these three things: (a) to com- 
pare three different methods, using the same subjects, these methods 
representing three different principles of equilibration; (6) to follow 
the course of equilibration by samples taken every few seconds during 
the procedure; and (c) (providing equilibrium levels are found) to 
determine the possible limits of composition of effective rebreathing 
mixtures. 

At this point in the discussion, it may make for greater dearness 
if we endeavor to describe what may be expected to take place in the 
lungs during the course of this process of equilibration. The major 
variables in the process are familiar, and it should be possible to arrive 
at a fairly accurate and complete description. 

I. Consider first the situation when “true'' mixed venous equilibrium 
is being investigated; that is, when lung air is brought into equilbrium 
with both the COj and the 0: tensions of the incoming venous blood. 

Take certain typical values for the various factors concerned, as 
shown in table 1 (many of these from an actual experiment on subject 
D. W. R.). 

In this table it wiU be seen that various assumptions, as previously 
outlined, have been made. 

In the first instance, suppose that, after the rebreathing of the 
mixture has been completed in (say) 15 seconds, (a) mixture of gases 
is complete, and (6) initial tensions have been such that, when mixture 
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is effected, O 2 and CO 2 tensions in the lung air will be the same as those 
of the incoming blood. 

In the situation as above defined, certain points are to be noted: 

1. Equilibrium will have had to be established, not only between 
lung air and blood, but between lung air and lung tissue fluids as well. 
Much of this tissue fluid is presumably in equilibrium with residual 
(alveolar) air. The initial mixture in the bag must, therefore, have 
had a certain excess of CO 2 and deficit of O 2 , in order to provide for the 
change of tissue fluid tension from alveolar to venous levels. 

2. Equilibrium, even if it is established between lungs and blood, 
will not remain absolutely perfect because N 2 will tend to diffuse into 

TABLE 1 

Tettsions of respired gases in atmospheric air^ ItingSy and blood with subject breathing 

atmospheric air 

Volume of residual air in lungs = 1,700 cc. 

Volume of air in rebreatiiing bag — 2,500 cc. 

Circulation rate per minute = 4,400 cc. 

Barometric pressure — 755.0 mm. 


Units 

Outside 
air (dry) 

Alveolar 
air {— 
residual) ; 

Arterial 

Wood 

Mixed 

venous 

lung 

tensions 

Mixed 

venous 

blood 

tensions 

Oxygen, mm 

158.5 

93.0 

80.0 

40.0 

40.0 

CO 2 , mm 

j 0.2 

; 44.6 

j M.6 

49.8 

; 49.8 

No, mm 

596,3 

569.4 

569.4 

617.2 

569.4 

Water, mm 

0.0 

48.0 

I 48.0 

48.0 

48.0 

Total, mm 

755.0 

755.0 

742.0 

755.0 

707.2 


venous blood, thus concentrating the lung air with respect to its other 
gases; therefore, a little more O 2 and CO 2 will diffuse into the blood 
to reestablish equilibrium. On account of the small solubility of N 2 
gas in blood, this effect is negligible. 

3. With the exception just mentioned, a nearly exact correspond- 
ence will be expected to exist between lung and blood gases, once 
equilibrium has been established, until appreciable amounts of blood 
begin to recirculate. 

B. In the next situation to be considered, suppose the same general 
conditions as under A, with the further feature that a certain fraction 
of the blood flow has recirculated within the first 4 or 5 seconds, and 
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continued to do so, without any other fractions of the blood recircu- 
lating for an ensuing 10 or 15 seconds. Can a new equilibrium be 
obtained? In order for this to be so, it will theoretically be necessary 
(a) for the true venous blood to pass through the lungs unchanged 
(lungs at mixed venous tensions), (^) for part of this blood to recirculate 
through the short-circuit path (thus gaining an added increment of 
CO2 and losing O3), (c) for the new mixed venous blood (contaminated 
by recirculation) to make a further course through the lungs and re- 
establish a new venous level. Even then the new equilibrium would 
not be quite complete. There is no use in trying to reason too closely 
upon this point. It is dear that with recirculation of appreciable 
amounts of blood, exact plateau or equilibrium levels wiU not be ob- 
tained. Small amounts of blood can readily recirculate, however, 
without detection by present experimental methods. Thus, simple 
calculation will show that if there is recirculation of as mudi as 10 per 
cent of the minute volume, this will in ordinary conditions at rest, 
change the “equilibrium” mixed venous value by 0.5 mm. of CO3 or 
less. 

C. Assume that the air in the bag is such that upon mixture with 
residual air in the lungs, the gases are not in equilibrium with the 
incoming blood. The questions that arise are: (a) how nearly, at any 
instant, will the lung tensions be in equilibrium witli the outgoing 
arterial (i.c., pulmonary vein) blood— i.e., is there a lag in equilibration 
between lungs and blood? (6) How large a discrepancy can there be 
at the beginning of rebreathing between mixed lung air, and venous 
blood, and still have enough CO2 and O2 absorbed into or given off 
from the blood within 15 to 20 seconds so as to reach equilibrium? 

(a) The answer to this question could perhaps be predicted on the 
basis of diffusion rates of gases in pulmonary alveoli, but too little is 
known of these conditions to admit of even approximate estimates. 
The question must be decided by experiment. From an experiment 
which we report in detail in the subsequent part, it seems clear that 
for both CO2 and Oj in the tensions near the mixed venous values, 
equilibrium between lungs and blood is nearly complete at the end of 
the twentieth second of rebreathing. 

{b) If we suppose, then, on the basis of the above mentioned ex- 
periment, tliat lungs and blood are in approximate equilibrium, it 


mu 40 CUXU, or cunicjU. iJ<Tcstta*nox, vou ir, so, J 
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becomes possible to determine from a blood nomogram the amounts of 
CO 2 and of O 2 that will be available from the blood, or else the amounts 
which the blood can be expected to absorb, when the lung gases have 
not the same tensions as the incoming venous blood. 

Supposing the same general circulatory conditions as given above, 
how much O 2 and CO 2 will be available in 15 or 20 seconds if the mixed 
l^ng gases (CO 2 and O 2 ) at the outset are 5 mm. lower than the venous 
gases; and how nearly will equilibrium be reached within this time? 
Conditions at the start will be as in table 2 (column 3 here is the same 
as column 6 of table 1, column 2 gives the assumed initial lung 
tensions). 

Presumably, equilibrium between lung air and incoming blood in the 
alveoli will be approached asymptotically. We have not attempted 


TABLE 2 

Tettsiom of respired gases m low OrCOs rehreaihing mixture compared with tensions in 

normal venous blood 



Initial mixed lung 
tensions 

Mixed venous blood 
tensions 

Oxygen^ mm 

35.0 

40.0 

CO 2 , tarn, 

44.8 

49.8 

mm, 

627.2 

569.4 

Water, min.. 

48.0 

48.0 




Total, rnrn 

755.0 

707.2 





an integral expression for tins change, but have assumed the pressure 
gradient to remain constant over 1 second intervals and in the case of 
the CO 2 , have calculated the CO 2 tension in the lungs at each particular 
second by adding to the initial amount of CO 2 in the lungs, the sum of 
the amounts of this gas contributed from the blood during each of the 
preceding seconds, then dividing this number by the total volume of 
limg-bag air and multiplying by the barometric pressure. The differ- 
ence between the lung tension thus calculated and the mixed venous 
CO 2 tensions then gives the pressure gradient for that particular second 
of time. 

By this calculation, it is found that at the end of IS seconds, the CO 2 
tension in the lung-bag system will be 47,8 mm., still 2 mm, below the 
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the CO/ dLs^xiaiion carve, that is, a imuHer volume of oxygen b given 
oil from the blood j>cf millimtlcr of ptessutc diiTcrcncc, than of COi. 

Jt may be addtti here jurcnlhclically that a simidec and suiiicicatly 
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becomes possible to determine from a blood nomogram the amounts of 
CO 2 and of O 2 that will be available from the blood, or else the amounts 
which the blood can be expected to absorb, when the lung gases have 
not the same tensions as the incoming venous blood. 

Supposing the same general circulatory conditions as given above, 
how much O 2 and CO 2 will be available in 15 or 20 seconds if the mixed 
lung gases (CO 2 and O 2 ) at the outset are 5 nun. lower than the venous 
gases; and how nearly will equilibrium be reached within this time? 
Conditions at the start will be as in table 2 (column 3 here is the same 
as column 6 of table 1, column 2 gives the assumed initial lung 
tensions). 

Prestnnably, equilibrimn between lung air and incoming blood in the 
alveoli wiU be approached asymptotically. We have not attempted 


TABLE 2 

Tefisio7is of respired gases in low OtCO^ rebrealhlng mixture compared with tensions in 

normal ve 7 iorus blood 



Initial mixed lung 
tensions 

Mixed venous blood 
tensions 

Oxygen, mm 


40,0 

CO2, film 


49,8 

N2, mm.. 

1 627.2 

I 

569,4 

WafRrj mm.. ... 

48.0 

48,0 



Total, mm 

755.0 

707.2 




an integral expression for this change, but have assumed the pressure 
gradient to remain constant over 1 second intervals and in the case of 
the CO 2 , have calculated the CO 2 tension in the lungs at each particular 
second by adding to the initial amount of CO 2 in the lungs, the sum of 
the amounts of this gas contributed from the blood during each of the 
preceding seconds, then dividing this number by the total volume of 
limg-bag air and multiplying by the barometric pressure. The differ- 
ence between the lung tension thus calculated and the mixed venous 
CO 2 tensions then gives the pressure gradient for that particular second 
of time. 

By this calculation, it is found that at the end of 15 seconds, the CO 2 
tension in the lung-bag system will be 47.8 mm., still 2 mm. below the 
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mbced venous level, and at the end of 20 seconds 48.4 mm., or 1.4 mm. 
below equilibrium. 

For oxygen, the values at the end of 15 and 20 seconds will be even 
further from equilibrimn because the dissociation curve is flatter than 
the CO 2 dissociation curve, that is, a smaller volume of oxygen is given 
ofl from the blood per millimeter of pressure difference, than of CO 2 . 

It may be added here parenthetically that a simpler and sufficiently 



Fig. 1 . CO2— O2 Nomogram or Subject D, W. R. 

At arterial blood; K, mixed venous blood; B, oxygenated mixed venous blood 


accurate method for making this calculation is by assuming over the 
whole 20 seconds of rebreathing a constant average pressure gradient, 
namely half the initial pressure difference between lung-bag air and 
blood, or 2.5 mm. for both CO 2 and Oj. In this region of the 
nomogram (fig, 1), 1 mm. change of CO 2 tension at constant oxygen 
tension corresponds to 0.51 cc. CO 2 (under standard temperature and 
barometer conditions); and 1 mm. of change of O 2 tension at constant 
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CO 2 tensioDj to 0.23 cc. O 2 . In 20 seconds, there wiU be 2.5 X 0.51 X 
4400 273 + 38 

^ 60 X 100 ^ — 973 — ^ given off by the blood 


(at 38°C.) and 2.5 X 0.23 X 20 X — X = 9 6 cc 

60 X 100 273 


of O 2 . The 21.4 cc. of CO 2 would raise the CO 2 tension from 44.8 to 

l; and the 9.6 cc. 

rf + 

9.6^ -V- 423l| X 755 = 36.6 mm. 

These estimates are naturally only first approximations, but it is 
clear that, in order for equilibrium to be obtained by this method be- 
tween lungs and blood within 20 seconds, the differences in tension 
between the gas tensions of lungs and blood, at the start of equilibra- 
tion must be small; less than 5 mm. for CO 2 and considerably less than 
this for O 2 . In the experiments reported in the subsequent part, 
this conclusion will be verified. 

II. In the case where oxygenated mixed venous blood is being 
studied, a further set of typical values wffl be useful (table 3). 

A. Again we assume here that mixture is complete, and, in the first 
instance, that the tensions in lungs and bag are such that when mbc- 
ture has been effected, and incoming blood has been completely o.xy- 
genated, then the CO 2 tension in lung air and incoming blood will be 
the same. In other words, there will be no net change of the CO 2 of 
the blood during its passage through the lungs. During the first part 
of the length of the alveolar capillary, while the blood is still partly 
unsaturated with O 2 , there wiU be a small temporary inflow of CO 2 , 
which will leave the blood again as arterialization is completed. This 
transient process is here disregarded. 

In this instance, however, it becomes necessary to investigate the 
effect (already referred to above), of O 2 absorption by the blood, and 
consequent concentration of other lung gases, upon the general equilib- 
rium values. 

By reference to the C02”02 nomogram, figure 1, it is found that 
the normal venous blood of D. W. R. with an O 2 tension of 40 mm., 
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and CO2 tension of 50 mm., contains 15.0 cc. of O2 per 100 cc. of blood. 
The oxygenated blood leaving the lungs after rebreathing the high O2 
mixture will be (it is assumed) completely saturated (Field, Bock, 
et al. (16)), and will in this case contain 21.2 cc. of O2 per 100 cc. of 
blood. About 6.2 cc. of 62 will, therefore, be absorbed per 100 cc. of 
blood flowing. In 20 seconds, with a minute volume of circulation of 

20 

4400 cc. this will amount to 44 X tk X 6.2 = 91 cc. of O2 absorbed. 

60 

This latter figure represents O2 under standard temperature and bar- 

TABLE 3 

Comparison of tetisiotis of respired gases in (a) atmospheric {outside) atr, (6) alveolar atV, 
(c) arterial Uood, (t/) and (e) lungs and blood in ^'oxygenated mixed vewits'^ equilibrium 

y^olurae of residual air in lungs = 1,700 cc. 

Volume of air in rebreathing bag = 2,500 cc. 

Circulation rate per minute = 4,400 cc. 

Barometric pressure = 755 mm. 



i 

Outside uir 

1 (dry) 

Alveolar 
air <= 
re^dual) 

Arterial ^ 
blood 

1 

Oxygen* 
ated mixed 
venous 
lung 
tensions 

Oxygen- 
ated mixed 
venous 
blood 
tensions 

Oxygen, mm 

! 158.5 

93.0 

80.0 

100+ 

100± 

COj, mm 

0.2 

44.6 

44.6 

54.0 

54.0 

N 2 , mm 

596. 3 

569.4 

569.4 

553- 

553i 

Water, mm 

0.0 

48.0 

48.0 

48.0 

48.0 

Total, mm 

755.0 

755.0 

742.0 

755.0 

755(?) 


ometric conditions: 91 cc. 


273 + 38 
^ 273 


104 cc. of lung-bag oxygen 


absorbed. This will change the CO2 tension in lung-bag system from 
its initial value of X 755 - 54.0 mm. to X 755 = 55.3 mm. 


The ultimate effect will be less than this, because the extra CO2 
will redistribute itself between lungs and blood, and much of it, there- 
fore, will be carried away in the blood as fast as it accumulates. As an 
approximation, we may suppose an average CO2 tension gradient be- 


tween lungs and blood (due 


to oxygen absorption), of 


55.3 - 54.0 


2 
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0.65 mm. Then in 20 seconds, 0.65 X 0.51 X • = 4.9 cc. of CO 2 

reabsorbed. Thus the final lung-bag tension of CO 2 at the end of 20 

300 — 4.9 

seconds wiU be approximately — X 755 == 54.4 mm. 

In summary, therefore, this concentration effect is not quite negli- 
gible; it should cause the oxygenated mixed venous tensions of CO 2 , at 
the end of 20 seconds rebreathing, to be in the region of 0.4 mm. 
higher than the true equilibrium value; and it should further provide 
that, even if this true equihbrium value is attained at any moment, 
the CO 2 tension wiU thereafter show a small steady rise, instead of 
remaining perfectly constant. This latter effect would be small, how- 
ever, and by itself would probably escape detection with present meth- 
ods of analysis. 

If, as suggested above, the oxygenated mixed venous blood is 
actually not more than 97 per cent saturated, it can readily be seen 
that the error involved in assuming complete oxygenation will tend to 
counteract the error due to neglecting the oxygen absorption effect. 

B. Assume in this instance that lung-bag air (after mixture) is such 
that upon oxygenation of the blood, the tension of the CO 2 in the 
blood thus oxygenated is less than the CO 2 tension in lung-bag air. 
CO 2 will pass from lungs into blood. The question arises, how 
an excess of CO 2 can exist in lung-bag air, and stiU reach an equilibrium 
with the incoming venous blood at the end of 20 seconds? How much 
extra CO 2 can the blood absorb? 

The attempt to calculate how much CO 2 will be absorbed into the 
blood, with a given CO 2 tension difference between blood and lu^g'^ag 
air, raises the further question as to how complete is the eqmlibni^ 
between lungs and (oxygenated) alveolar blood, with respect to CO 2 . 
In the region of the tensions of oxygenated mixed venous blood this 
equilibrium has been shown by Field, Bock, et al. (16), to be nearly 
complete; rebreathed air samples having been compared with simul- 
taneously drawn arterial blood. It is, therefore,^ again possi e o 
determine from a blood nomogram, or from a CO 3 dissociation curve of 
arterial blood, approximately the amounts of CO 2 that can be absorbe 

in a given interval. 1 i. j 

In this calculation account must be taken of the oxygen absorbed 
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from lung-bag air during the interval. Taking the same basic figures, 
we have 104 cc. of O 2 absorbed in 20 seconds, out of a total of lung-bag 
volume of 4200 cc. 

Suppose that the lung-bag mixture is 2 ram. higher in CO 2 tension 
than that of the oxygenated mixed venous blood. Take the same 
figures as before for volumes, blood gas tensions, blood flow, etc. 


At the start of rebreathing, the lungs 


wiU contain 


56 

755 


X 4200 - 312 


cc. of CO 2 . 


In 20 seconds 


4400 

3 


cc. of blood will flow. 


For every 1 mm. 


change in CO 2 tension, 0.46 cc.of CO 2 will be absorbed per 100 cc. blood 
(see nomogram, from 50 mm. to 55 mm, CO 2 tension on completely 
oxygenated line). With an average pressure head of 1.5 mm. the CO 2 

4400 

absorbed in 20 seconds will be X 0.46 X 1*5 - 10.1 cc. 


312 — 10.1 = 302 cc. of CO 2 remaining in lung-bag air. The volume 
of this air will now be 4200 — 104 — 10.1 = 4086 because of loss of O 2 

302 

and CO 2 . The final CO 2 tension will, therefore, be X 755 = 
• 4UoC) 


55.8 mm. In other words, even with the small excess of 2 mm. of 
lung-bag CO 2 tension, equilibrium cannot theoretically be reached 
with the incoming venous blood, within 20 seconds. This calculation 
is admittedly approximate and several small corrections that might 
be made have been omitted, but the tentative conclusion that it leads 
to seems unmistakable. 

A similar calculation for an excess of 5 mm. in lung-bag mixture 
(initial COz tension of 59 mm.) leads to a final CO 2 tension (at the end 
of 20 seconds) of 57 mm. ; and an initial excess of 10 mm. of CO 2 (64 mm. 
tension) gives a tension after 20 seconds of 58.5 mm. Thus it is evi- 
dent that with increasing excesses of CO 2 in the lung-bag air, the final 
values at the end of rebreathing steadily, though quite gradually, rise 
above the tensions of CO 2 of oxygenated mixed venous blood. This 
type of change will be apparent in the experimental data given later. 

It should be noted that in the preceding comments no account has 
been taken of the buffering effect, so to speak, of the lung tissues them-' 
selves. These tissues will, for the most part, presumably be near thb' 
gaseous tensions of the alveolar air, and will, therefore, absorb certaw 
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amounts of CO 2 when equilibrium with mixed venous tensions is being 
approached. It would be difficult to assign any values to the amounts 
of CO 2 thus absorbed. 

C. Finally, it is necessary to consider the case in which the lung-bag 
mixture is lower in initial CO 2 tension than the oxygenated mixed 
venous blood. As pointed out above, most of the methods used 
hitherto, and aU of those based on the Henderson-Prince technique, 
are in this class, the equilibrinm values for CO 2 tension being ap- 
proached from below. What is the lowest initial CO 2 tension that 
may be used and still establish equilibrium with the incoming venous 
blood before recirculation? 

Again let us take the same physiological values as before. Suppose 
the lung-bag mixture to be 4 mm. lower in CO 2 tension than the oxy- 
genated mixed venous tension, that is, 50 mm. At the start, in the 

lung-bag space there wiU be X 4200 = 278 cc. CO 2 . In 20 seconds 

/ 00 

approximately — X X 0.46 = 13.5 cc. of CO 2 (standard 

2 300 

conditions) will be given off from the blood; this at lung temperature 


will be about — X 13.5 = 15.4 cc. The CO 2 tension m the lung-bag 
273 

278 15,4 

mixture after rebreathing will, therefore, be — , 7 ^ 

42UU — 1U4 'T 

= 53.9 mm. This is practically the actual oxygenated mixed venous 


CO 2 tension. 

If the initial lung-bag mixture were 6 mm. too low in CO 2 tension, 
then the value after rebreathing would be 53.2 mm., or 0.8 mm. below 
equilibrium value. 

Again no account has been taken of the effect of the lung tissues, 
which will require certain extra amounts of CO 2 to raise them to oxy- 
genated mixed venous levels. 

Thus, under the conditions here postulated, the lowest possible 
value of initial lung-bag CO 2 tension, that can be equilibrated with 
the venous blood within 20 seconds will be a tension somewhat less 
than 4 mm. below the oxygenated mixed venous tension. 

Now apply this same type of calculation to an experimental method 
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in which successive rebreathing periods are employed. Supposing 
that following a certain period of rebreathing, an equilibrium with the 
oxygenated mixed venous blood is reached, with respect to CO 2 ; in the. 
next period will the dilution due to residual alveolar air be made up by 
CO 2 given off from the blood? 

Take for the purpose a series of actual data from subject D. W. R.: 


Alveolar CO 2 tension 43.9 nun. 

Oxygenated mixed venous CO 2 tension 53.3 mm, 

43.9 

Residual air 2,000 cc. containing X 2,000 = 116 cc. CO 2 . 
53.3 

Air in bag 2,500 cc. containing X 2500 = 176 cc. CO 2 . 

116 + 176 

Lung-bag tension at start of rebreathing 2 qqq 2500 ^ 


Circulation rate per minute = 5100 cc. per minute. 
CO 2 available from blood (see above) : 


53.3 -49.0 1700 

2 ^ 100 


X 0.46 X 


m 

273 


19.2 cc, in 20 seconds. 


14.4 cc. in 15 seconds. 

Total air in lung-bag system after 20 seconds: 

4500 4- 19.2 — 120 = 4399 cc. (120 cc. of O 2 absorbed in 20 seconds). 
After IS seconds, 4500 -f 14.4 — 90 = 4424. 

Final CO 2 tension after rebreathing; 

292 19 2 

— — ■ ■ X 755 = 53.4 mm. at end of 20 seconds. 

4399 

292 4- 14.4 

^ X 755 =s 52.4 mm. at end of 15 seconds. 

4424 


In this case, then, there is just enough CO 2 available to return the 
tension to its former value after 20 seconds’ rebreathing, providing no 
account is taken of absorption of CO 2 by lung tissue fluids. If this is 
appreciable, then the values of CO 2 reached by successive rebreathings 
for 20 seconds will not represent the actual nuxed venous level. Still 
further deviations will occur if (a) the residual air is greater in volume 
relative to the air in the bag, (b) blood flow is slower, and (c) arterio- 
venous difference is greater. It will, therefore, be clear that for a 
technique of this sort, the actual mixed venous value may be obtained 
with one subject and not obtained with another. 
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6. Are lungs and arterial blood in equilibrium during the rebreathing 
procedures (only a partial answer attempted)? 

The experimental studies which we have made fall under three gen- 
eral headings: 

(а) The equilibrium in the case of oxygenated mixed venous ten- 
sions, during a single rebreathing period. 

(б) The same, studied during intermittent rebreathing periods, 
with intervals of rest between, and without changing the gases in the 
rebreathing bag in these intervals. 

(c) The equilibrium in the case of the actual mixed venous tensions 
(equilibrated both with COs and O 2 ), during a single rebreathing 
period. Each of these determinations was always either preceded or 
followed by an equilibration with oxygenated tensions (group (a) 
above), for purposes of comparison. 

Two normal subjects were used, M. L. S. and D. W. R., a consider- 
able number of experiments having been performed with the latter, 
and a smaller number — with the major purpose of confirming the 
general findings on D. W. R. — ^with the former subject. A few 
relevant data regarding the two subjects are listed in tables 4 and 5. 

It is evident that for the purposes of this study it was important 
to have as many observations as possible taken during the course of a 
single rebreathing period; this was done by the use of a series of evacu- 
ated gas sampling tubes, either six or nine being used to give the corre- 
sponding number of separate samples during the experimental period 
of from 25 to 50 seconds. 


METHODS 

In further detail, the methods used were as follows: 

(a) For oxygenated mixed venous tensions, the simple apparatus shown in 
figure 2 was employed. Most of the experiments were done toward the end of the 
morning, the subject having had an ordinary breakfast three or four hours before. 
A few were done in mid-aftemoon, two or diree hpurs after lunch. After IS min- 
utes to half an hour of rest in the horizontal position, the subject applied mouth- 
piece and noseclip and respired through the apparatus for five to ten minutes. At 
the end of this time, at the signal “Blow,” given at the end of a normal expiration, 
the subject expired completely while slide valve B was closed off. At the end of 
this expiration an alveolar air sample was (usually) taken into one of the sampling 
tubes. After a rest mterval of three minutes, a similar complete expiration was 
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Columns marked A show the change between successive 5-second samples. 
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seconds. At the end of the fourth expiration, one sample was taken into an 
evacuated tube, valve E turned again to connect patient with outgo valve, and' 
shut-off valve B opened. The subject rested another 3 to 5 minutes (mouthpiece 
and noseclip still in place). Then another similar rebreathing was done, as de- 
scribed. This process was repeated every 3 to S minutes for five to six periods. 

Following this experiment, after a further 10 to 15 minute rest, a single-period 
experiment (as in (a) above) was carried out, for comparison. 

Samples were analyzed for CO 2 with the Haldane apparatus. 

The rebreathing bag contained 2.5 liters, the mixture consisting of oxygen plus 
varying amounts of CO 2 . In order to determine the limits for initial CO 2 tension 



Fig. 3. Diagram of Apparatus Used for True Mixed Venous Tension 
Determinations 

Af intake flutter valve; B, three-way valve; C, rebreathing bag, containing 
preliminary CO 2 — N 2 mixture; D, shut-off slide valve; mouthpiece; F, six 
evacuated gas sampling tubes; G, three-way valve; H, rebreathing bag, containing 
CO 2 — N2—02 mixture; /, outgo flutter valve; /, three-way valve; K, Douglas bag 
for collection of expired air. 

in the bag, within which limits an apparent equilibrium could be obtained by re- 
breathing, widely different initial tensions were employed, varying from 45 mm. 
to 80 mm., as shown in tables 4 and 5. 

(c) For the determination of actual mixed venous tensions, a slightly mocUfied 
apparatus was used, based on the technique described by Burwell and Robinson 
(20). A diagram of the apparatus is given in figure 3. 

Bag C was filled with nitrogen plus a small amount — from 30 mm. to 50 mm. — 
of CO 2 ; this mixture was rebreathed twice, for the purpose of lowering the O 2 
tension in the residual air. Bag H was filled with a mixture containing about 55 
mm. CO 2 , 35 mm. O 2 , and the rest nitrogen. This latter mixture was worked out, 
partly by calculation and partly by trial and error, so as to make the resultant gas 
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give the CO 2 tensions in the fifth-, tenth-, fifteenth-, etc., second samples, 
and the intervening columns (fifth, seventh, etc.) give the CO 2 tension 
differences between these successive 5-second values. The figures in 
parentheses are the CO 2 tensions of samples taken from the rebreath- 
ing bag after the procedure was ended; these in general are close to the 
values of the last of the samples taken in the evacuated sampling tubes. 

The experiments are listed in five groups, according to the initial 
CO 2 tensions in the rebreathing bag; Group I, 50 to 56 mm.; Group II, 
56 to 60 mm.; Group III, 60 to 65 mm.; Group IV, 65 to 70 mm.; 
Group V, 70 to 80 mm. The separation of Groups I and II at 56 mm, 
is made because of the well defined difference that occurs in the series 
below this value as compared with the series above. 

Averages of all figures are given at the end of each group. 

In figure 4, these averages for subject D. W. R. are presented in 
graphic form. It will be noted that there is in this figure an ordinate 
marked “Estimated mixed CO 2 tension.'* This is an estimate of the 
concentration of CO 2 in the mixed respired gases, calculated from the 
volume of bag air, its CO 2 content, the volume of residual air,^ and its 
CO 2 content. It is assumed that no absorption or elimination of gases 
by the blood has taken place. The resultant figure gives an approxi- 
mate measure of the extent of change required for the establishment of 
equilibrium between lungs and incoming venous blood. 

Considering for the moment only the experiments on D. W. R., one 
finds certain points brought out: 

1. In the group where the initial bag tensions were 50 to 56 mm. 
it is clear that no consistent “plateau” level is reached at any time. 
There is thus no evidence that an equilibrium has been achieved be- 
tween lung gases and incoming venous blood. There are considerable 
differences of tension between successive sets of samples taken at 

^ The subject's residual air was calculated by having him expire completely, 
then rebreathe from a spirometer a high Oi mixture several times in 15 seconds, 
(to obtain complete mixing), then again expire completely into the spirometer. 
The nitrogen in residual air was assumed to be 75 per cent of the total gas volume 
(25 per cent taken by CO 2 , 02 , and water vapor). From this value, the volume of 
gases in the spirometer at the end of rebreathing, and the percentages of N 2 
in the spirometer at the beginning and end of rebreathing, the approximate value 
of the residual air can readily be calculated. For subject D. VV. R. this volume 
was about 2000 cc. 
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=1:0,3 mm. As the error of method in the Haldane gas analyses is 
itself about 0.2 mm., this degree of variation can be considered small. 
Thus there is found at the plateau level both a decrease in the amount 
of average change in level over the interval, as compared with earlier 
and later intervals, and a decrease in the deviations of individual values 
from the average, when compared with similar deviations for the differ- 
ences in other time intervals. 

Even over this plateau, however," it is clear that there is a small 
rise in CO 2 tension in most instances, with an average change of +0.19 
mm. CO 2 . This may be due to the recirculation of increasing small 
amounts of blood, or it may be in part, at least, an effect due to oxygen 
absorption, discussed in the previous part. In either case, the pla- 
teau level should then be slightly above the actual oxygenated mixed 
venous level. 

3. Eeginning at 25 seconds, there is a progressive rise in CO 2 level, 
presumably due to increasing amounts of recirculating blood. 

4. The average CO 2 tension level in the three groups is nearly the 
same, being (at the fifteenth second) 53.0 mm. for Group II, 53.7 mm. 
for Group III, and 53.3 mm, for Group IV. The fact that with these 
considerable variations in initial bag mixture, the plateau level is nearly 
the same is further evidence that this plateau represents a true equilib- 
rium condition. 

5. Although average plateau levels are nearly the same, individual 
experiments show considerable variations in this respect. The lowest 
figure at 15 seconds is 52.6 mm., and the highest 55.9 mm. Such 
variations are to be expected. The work of Higgins (29) and later 
of Dodds (30) on alveolar air values, during the course of the day, and 
that of Cullen and Earle (31) more recently, on the arterial pH^ and 
CO 2 tensions, show that considerable variations take place, and it is 
reasonable to suppose sinoilar changes in mixed venous levels. There 
are, in fact, some early experiments by Forges, Leimdbrfer, and Mar- 
kovici (32), using the original Plesch method, which showed such 
variations in mixed venous tensions. It is dear, for instance, from 
our data, that the mixed venous tension level is usually higher in the 
afternoons than in the late mornings. A further point, which is ob- 
vious enough but easy to lose sight of, is that these data represent 
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5 second intervals. (On the chart there is an apparent equilibrium from 
10 to 15 seconds, but reference to the table will show that this is false, 
and due to the fact that for certain experiments no 10-second sample 
was obtained.) 

2. In the next three groups, with initial tensions at 56 to 60 mm., 
60 to 65 mm., and 65 to 70 mm., there is a clear cut “plateau” found 

A Hat. 

Mixed Pco- 

Pcog twn 

70‘( 


e5-70 


60-65 


56-60 


50-56 

Rebrca-thing time, , seconds 

Fig. 4. Oxygenated Mixed Venous CO' Tensions 

Ordinates, tensions of CO2, mm. (= Pco^)- Abscissae, time at which sample 
was taken, expressed as the mimber of seconds after rebreathing was begun. The 
^‘Bag Pcos’^ figures indicate the initial tensions in the rebreathing bag, for the 
particular group of experiments represented by the adjacent line and symbol. 
For explanation of “Estimated PcOi” tensions, see text. Each line represents the 
average COs tension change during rebreathing, for that group of experiments. 

between the fifteenth and twentieth second. This is demonstrated 
not only in the average figures, but in almost every one of the in- 
dividual experiments: thus, of the twenty-seven experiments, there 
were two differences of +0.8 mm. CO 2 in the 15 to 20 second interval, 
one of +0.6 mm., and one of +0.4 mm., all the rest being between 
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that the arterial blood highly charged with CO 2 can dilate the tissue 
capillaries and venules to such an extent as to delay appreciably the 
recirculation of this particular part of the total blood volume? It is 
certainly true that the rebreathing of these higher CO 2 mixtures is as- 
sociated with definite flushing of the skin and sensation of warmth. 

The ten experiments performed on subject M. L. S., listed in table 
5, give generally similar results to those just described. The CO 2 
tension level in this subject was considerably lower than in the other, 
an average of 38.2 mm. for alveolar air, and of 46.7 mm. for mixed 
venous level. In the experiments in which the initial CO 2 tensions 
in the bag were 45 mm. and 48 mm., these values were too low for the 
establishment of an equilibrium level. In the six experiments in 
which the initial concentration in the bag was near 50 mm., it will be 
noted that the equilibrium level was in three cases attained in the 
15 to 20 second interval, and in two cases in the 10 to 15 second in- 
terval. In one case the IS second point was slightly below either of 
the two adjacent points. Apparently in this subject, recirculation of 
blood may take place in appreciable amounts in less than twenty 
seconds; the experiments are too few to decide this point. The two 
experiments with initial tensions of 60 mm. give plateau values defi- 
nitely higher than the 50 mm. group. Probably this initial tension is 
beyond the equilibrating limit for this subject. This tension (60 mm.) 
is about 13 mm. higher than the apparent oxygenated mixed venous 
level; subject D. W. R. reached equilibrium with initial rebreathing 
mixtures up to 17 mm. above this level. This may have been due to 
the larger lung volume and residual air in the latter subject. 

The definite equilibrium levels demonstrated above have, of course, 
been found by most workers on this subject in the past. The method 
which we have used, in establishing the limits of composition of re- 
breathed air, with which this equilibrium can be obtained, adds, we 
believe, further evidence in confirmation of their results. 

{b) Oxygemled mixed venous tensions^ method of successive rehreathings 

Three experiments by this method were performed with subject 
D. W. R,, according tp the technique described above, each of these 
experiments being followed, after a fifteen minute interval, by an- 
other experiment of the series just desaibed (single rebreathing 
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tensions only. A change in level of CO 2 curve would change the CO 3 
tension also, providing pHs values were constant. 

6 . When one considers the equihbrium levels in any two experiments 
done on the same morning or afternoon, the variations are smaller. 
There are five such groups, done on December 10 , 14, 19, 21 , and 31. 
In the cases of the first two of these, the subject was not at rest between 
experiments but got up and performed ordinary laboratory activity. 
The equilibrium (15 second) levels were 53.6 mm. and 52.9 mm. on 
December 10 , and 52.8 mm, and 54.3 mm. on December 14. In the 
remaining three groups the subject remained at rest between experi- 
ments. The equilibrium levels were: 53.4 mm. and 52.6 mm. on 
December 19, 52.8 mm. and 53.4 mm. on December 21 , and 54.8 mm. 
and 54.1 mm. on December 31. Thus it can be said that by this 
technique the apparent equilibriinn values for successive e.xperiments 
done within an hour, and with the subject at rest, differ by less than 
1 mm. 

7. Reference to the “Estimated mixed CO3 tension” points in figure 
4 will show that the equilibrium obtainable in the three groups II, III 
and IV corresponds in general with the fact that there is relatively 
little change necessary in the lung gases, after mixture, during the 
equilibration process. This is not so true of the 65 to 70 mm, group 
(IV) as the others, there being an excess of CO 2 in the lung air in these 
experiments. It is probable that lung tissue fluids are able to absorb 
appreciable amoimts of this excess, in their change from alveolar to 
mixed venous tensions. 

8 . In the group in which the initial tensions in the bag were 70 mm. 
or over, there are also excellent plateaux formed, even flatter than in 
the preceding three groups, but their levels are defimtely higher than 
the latter. Evidently the blood is unable to absorb all the excess of 
CO 2 in the lung-bag air before recirculation begins. It is to be noted 
that the plateau level rises only gradually above that of the lower 
groups, when the initial bag tension is increased from 70 to 80 mm. 
This has been explained in the theoretical discussion preceding. 

9 . There seems to be also a tendency for the CO 2 tension to rise less 
rapidly in the period from 25 to 35 seconds, when the initial CO 2 ten- 
sions in the rebreathing bag are high (see fig. 4), If this is true, it 
is difficult to explain: one would expect the opposite. Is it possible 
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(equilibrating both CO 2 and O 2 simultaneously), the C 02~02 relation^ 
ships must be known. For blood itself, these relations can, of course, 
be demonstrated by constructing a nomogram. If lungs and pul- 
monary vein blood are in approximate equilibrium at every moment 
during the rebreathing procedure, then the course of equilibration, as 
shown by successive CO 2 and O 2 tensions, can be plotted on this nomo- 
gram. A comparison can then be made between CO 2 content as ob- 
tained by the true and by the oxygenated method. 

Making provisionally this assumption of approximate lung-blood 
equilibrium, we constructed a C 02~02 nomogram of the blood of 
D. W. R., and a similar but less complete nomogram of the blood of 
M.L.S. 


TABLE 7 

COi dh^odathn curves of reduced and oxygenate Hood. Subject D. W, R, 


Oxygenated 

j Reduced 

Total COj j 

CO* tension 

Total COj 

COt tensions 

Total Oj 

xolumts per cent 

rnm. 

volumes Per cent 

mm. 

volumes Per cent 

43.5 

31.1 

46.4 

26.2 

1.9 

43.7 

31.2 

60.4 

52.1 

1.7 

53.3 

48.5 ! 

64.2 

54.4 

0.9 

60.9 

65.6 ! 

1 




To describe first the nomogram of subject D. W. R.: — CO 2 curves of 
reduced and of oxygenated blood were made. The technique of 
blood-gas analysis which we used has been described in a previous 
paper (33) ; in general it follows the method developed by Austin, Van 
Slyke, et al. (34). The Van Slyke-Neill (35) manometric apparatus, 
and the Boothby modification of the Haldane gas analysis apparatus 
were used for blood and gas analyses respectively. The blood was 
prevented from clotting by the use of small amounts of heparin, and 
dry NaF was added, to give a final concentration of about 0.1 per cent, 
as a preservative. It was thought at first that this would prevent the 
loss of CO 2 capacity during equilibration in the tonometers. Following 
a suggestion kindly made by Dr. J. H. Talbott, however, we investi- 
gated this assumption, and found it incorrect, the blood losing about 
0.6 cc. of CO 2 per 100 cc. blood, per hour of equilibration at 37.5°C. 
We, therefore, corrected our CO 2 content figures accordingly. Three 
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period), for comparison. In two of these, the breath was held for 18 
seconds each time, in the third (as described under Methods) the mix- 
ture was rebreathed slowly four times in the 18 seconds. This differ- 
ence of technique made no significant difference in results. 

A comparison of the results by the two methods is given in table 6. 
It will be seen that the apparent “mixed venous” level by the succes- 
sive rebreathing method was considerably lower than by the other 
method, in all three experiments; the level in the former group being 
2 mm. or more lower than that in any of the 46 experiments by the 
other method. The slight lowering of CO 2 values after the fourth 
successive rebreathing period was due presumably to a lowering of O 2 
tension, the venous blood not becoming completely oxygenated. In 

TABLE 6 

Oxygenated mixed venous CO^ tensions by different methods 


A. Single rebreathing period 


B. Successive rebreathings 


Bate 

Initial 
bag ' 
COi ; 
tension 

Seconds after beginning 
rebreathing 

Initial 

bag 

CO2 

Rebrcathing period 


■a 

Dl 

111^11 

Bi 

■1 

iig 

B 

imuiiii 

D 

5th 


CO2 tension 


CO2 tensions 


mm. 

1 

mm. 

mm. 

1 mm. \ 

mm. 

mm. 

mm. 

! mm. 

mm. 

mm. 

1 mm. 

mm. 

January 28 

61.2 

53.6 

53.8 

54.6 

54.6 

55.5 

50.6 

50.6 

49.9 

50.9 

50.1 

'49.6 

February 1. 

60.2 

52.6 

52.4 

52.7 

53.6 

54.0 

64.7 

51.9 

'49.4 

49.4 

49.3 

49.2 

February 4 

57.0 

51.2 

52.2 

52.5 

53.1 

53.6 

58.7 

52.0 

50.7 

50.3 

50.3 

49.7 


the experiment of February 1, the O 2 tension in the fourth sample was 
110.0 mm., in the fifth sample 89.6 mm. 

It is concluded that for this subject, the method of successive re- 
breathing from the same bag without enriching the mixture with CO 2 , 
gives equilibrium values below those obtained by the single rebreath- 
ing method. 

One similar experiment with subject M. L. S. seemed to show the 
same thing, but these data were not enough to decide the point. 

(c) True mixed venous blood tensions 

In order that a comparison may be made between mixed venous CO 2 
content of blood as derived from oxygenated tension methods, and 
mixed venous CO 2 content of blood as derived by true tension methods 
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volumes per cent (of O 2 ) of its proper place; tliis is within the experi- 
mental error of the technique employed. 

It may also be noted that the CO 2 curves which were made had prac- 


Oxy^eu tc£W ion, mm 



Oxygen, vols j>tr cttit 

Fig, 6 . CO2— O2 Nomogram of Blood of Subject D. W, R. 

Plotted on it are the progressive changes, during the course of rebreathing, in 
CO 2 and O 2 tensions in lung-bag air, of five experiments. The figure beside each 
point represents the number of seconds after beginning rebrea thing, at which 
that particular sample was taken. At the right of the diagram, along the com- 
pletely oxygenated line, are the equilibrium (15 to 20 second) tensions of a corre- 
sponding series of oxygenated mixed venous experiments. Alveolar air tensions 
are plotted along the 95 per cent oxygen saturation (arterial) line. Each symbol 
represents one day’s experiments, as follows; squares, February 13; crosses, 
February 16; triangles, February 18; plus marks, IHarch 7; circles, March 11. 

tically the same levels as had the CO 2 curves of this subj'ect at the time 
the O 2 dissociation curves were studied. 

The nomograms of the blood are used in figures 6, 7, and 8. 

Before considering the rebreathing experiments, it is important to 
give the evidence which we have for the assumption of lung-blood 
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points were determined on the reduced and four on the oxygenated 
COo curvp, and the curves drawn by the use of the straight line 
logarithmic relation of Peters, Eisemnan, and Bulger (36). The 
data for the curves are given in table 7. 

The tonometers employed for the reduced COa curve determinations 
actually contained small amounts of Oa. This was measured in both 
blood and gas phases, and a correction readily obtained by plotting die 
actual points on a COa— Oo diagram, and with the aid of the oxygen- 
ated COa curve, extrapolating to the line of zero oxygen content. By 



Fig. 5. [Experimenx of May 13, 1929 

Chart represents part of a COa — Oa nomogram of the blood of subject D. W. R. 
Point B = arterial blood at the end of 20 seconds rebreathing of mixed venous gas 
mixture. Point C = gas tensions in the lungs after 20 seconds’ rebreathing. 

the use of these extrapolated points, a completely reduced COa curve 
was obtained. 

In a previous study (33), complete oxygen dissociation curves on 
subject D. W. R. had been determined; these were used for the nomo- 
gram. Various workers have found that the Oa dissociation curves of 
one individual change little from one year to the next (13, 37). One 
point was, however, determined again at an oxygen tension of 40 mm., 
and COa tension of 50 mm. ; this point, when plotted on the Oa dissocia- 
tion curve chart constructed three years previously, fell within 0.3 
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equilibrium during rebreathing. This experiment was performed on 
May 13, as follows; 

The subject, after a half hour rest, applied mouthpiece and nose-clip 
and breathed through the apparatus (fig. 3). The two rebreathing 
bags had been filled with the following mixtures; Bag C, with 275 cc. 
CO 2 and 2,225 cc. N^; Bag H with 225 cc. CO 2 , 650 cc. of air, and 1,625 

Osy3c.t\ tension, , mm 



Oxygon, vob. percent 


Fig. 7. CO 2 -O 2 Nomogram of Blood of Subject D. W. R. 

For explanation see figure 6, and text. Triangles = e.xperiments of iMardi 15. 
Plus marks = experiments of March 20. 

cc. N 2 . Just before the rebreathing procedure was begun, an arterial 
puncture was made into the brachial artery, but no blood drawn. 
The rebreathing was then performed, as described above. At the 
twentieth second of rebreathing, a signal was given and the assistant 
at the artery began drawing blood (under oil) and continued for the 
following twelve seconds. Rebreathing was continued by the sub- 
ject during this interval, and the usual gas samples -taken 

The blood was transferred under oil to a tube containing a small 
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tli6 twciitictli to tli6 thirty “Second second must hAve come nenr bein^ 
the blood which passed through the lung alveoli during the interval of 
equilibrium. 

If equilibrium were perfect between lungs and blood, and technique 
of blood handling, etc., were faultless, then the arterial blood gas 
contents, and the lung tensions, when plotted on a CO 2 -O 2 nomo- 
gram, should fall on the same point. Such a nomogram is given in 
figure 5, point A being that of the blood and gases in the tonometer, 
and the tension lines of this diagram drawn with distances and slopes 


TABLE 8 

Evidence of lung-blood equilihrhwi during rehreathing 


Arterial blood contents 

Blood equilibrated at 37.S®C. 

CO 2 

, I 

I Oa 

CO 2 

Ot 

volumes per cent 

j volumes per cettl 

1 volumes per ceni \ 

i 

mvf. 

1 volumes per cent 

mm. 

59.0 

17.4 

' 59. 7 

50.2 

! 15.0 

40.9 


TABLE 9 


Tensmis hi limg air, same experiment as table 8 


Time after starting 

COj 

Oa 

seconds 

mm. 

mm» 

16 

49.3 

48.7 

20 

49.4 

48.5 

24 

49.5 

48.1 

29 

49.6 

! 47.0 

32 

SO.S 

45.5 


corresponding to those of the more complete nomogram of this sub- 
ject’s blood, previously described. This is probably a justifiable 
extrapolation, over so small an area of the nomogram. Point B is the 
“mixed venous” blood (as drawn from brachial artery), and C the 
lung tensions after 20 seconds’ rebreathing. It will be seen that the 
differences between the two points {B and C) are small; 0.25 volumes 
per cent, or 0.8 mm. of CO 2 , and 0.6 volumes per cent, or about 3 mm. 
of O 2 . Considering the amount of manipulation of blood necessary, 
this agreement is fairly good. The chief discrepancy is in oxygen, 
the arterial blood value being too high. The slow diffusion rate of 
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saturation line). This line will be found to fall well to the right of the 
18, 21 and 24 second points. 

It will be noted that the 18 and 21 second CO 2 levels were higher by 
about 0.4 volume per cent than the plateau values in the correspond- 
ing oxygenated tension experiment. This is probably due in ‘part at 
least to the failure to equilibrate with respect to oxygen. 

On February 18, apparently an equilibrium was reached and main- 
tained several seconds, as shown by the dose grouping of the points. 
Unfortunately it is not possible to compare the equilibrium value for 
the CO 2 level with that of the corresponding oxygenated tension ex- 
periment, because the initial mixture used in the bag in the latter con- 
tained only 52.5 mm. CO 2 , and a plateau level was, therefore, not 
reached in the fifteenth to the twentieth second. The level of the true 
mixed venous CO 2 is, however, dose to, though slightly above, the 
average level of equilibrium arrived at in other oxygenated tension 
experiments. There is a further difficulty with this experiment and 
that is the unusually low alveolar air tensions. These, when com- 
pared with the equilibrium point for the true mixed venous tension, 
give an impossibly high value for the R.Q. Where the error, or errors, 
occurred in this experiment we have been unable to discover. 

In figures 7 and 8 are given four experiments in which a fairly 
dose approach to equilibrium was achieved, as indicated both by the 
dose grouping of the points, and their nearness to the R.Q. lines 
(slopes as determined by analyses of expired air, lines drawn from 
alveolar air points on figure). It will be seen that the points are 
dustered around the same CO 2 content lines as are the corresponding 
equilibrium values for the oxygenated tension experiments (plotted 
at the right of the nomogram). On May 13, the initial tension in the 
bag for the oxygenated tension experiment was over 70 mm., so that 
the tension at the ^'plateau” levd, 55.3 mm., was almost certainly too 
high. Disregarding this experiment, the differences in CO 2 content 
level between the true and the oxygenated equilibrium values (average 
of fifteenth and twentieth second samples) were as follows: Mar^ 
15, +0.7 volumes per cent (Le., ‘True” higher than ' ‘oxygenated'’); 
March 20, -0.2 volumes per cent; May 3, +0.3 volumes per cent, an 
average of +0.3 volumes per cent. 

There seems to be a tendency for the true equilibrium values to 
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strengthens materially, we believe, the inference that the CO 2 tensions 
so obtained are actually the CO 2 tensions of the mixed venous or pul- 
monary artery blood, at the moment when rebreathing is completed. 
The experiments confirm the conclusions reached in 1922 by Douglas 
and Haldane (13), but have extended their observations somewhat, 
in showing the process of equilibration more fully, and in giving more 
definite justification for the assumption of lung-blood equilibrium for 
respiratory gases. 

It is of interest to calculate the volume output of the heart of this 
subject on the basis of our data. From analyses of expired air, on 
February 18, March 7, 11, 15, and May 3, the corrected figures for CO 2 
output were 217.5 cc,, 198.3 cc., 223.8 cc., 222.7 cc., and 204.5 cc., 
an average of 213.4 cc. From table 7, the average alveolar CO 2 ten- 
sion is found to be 43.9 mm., and the average oxygenated mixed venous 
CO 2 tension of groups II, HI, and IV of this table, at the end of fifteen 
seconds’ rebreathing, is 53.3 mm. On the CO 2 dissociation curve of 
this subject, 43.9 nun. corresponds to 51.3 volumes per cent, and 53,3 
mm. to 55,5 volumes per cent. The volume output of the heart is 
213.4 

thus — = 5.1 liters per minute. As this subject has 

(55.5- 51.3) X 10 ^ ^ 

a surface area of 2.00 square meters, the cardiac output per square 
meter is 2.6 liters. This is higher than 2.2 liters, the normal standard 
which GroUman (28) has worked out by the use of his acetylene 
method of measuring circulation rate; considering the fact that con- 
ditions in our experiments were not rigidly basal, the agreement is 
fairly close. 

The individual figures for circulation rate, as derived from the *True’’ 
mixed venous blood experiments, show considerable variation, due 
chiefly to variations in alveolar air values. The mixed venous CO 2 
content values for the five experiments in which an apparent equilib- 
rium was reached were 55.9, 55.9, 55.7, 55.0, and 54.9 volumes per cent, 
an average of 55.5 volumes per cent,— the same as for the oxygenated 
experiments. The corresponding alveolar air samples (41.6, 44.4. 
46.3, 44.5, and 44.7 mm.) gave an average arterial CO 2 content of 51.5 

volumes per cent. The circulation rate is then 

(55.5 - 51.5) X 10 

5,3 liters per minute. 
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In the case of subject M. L. S., two experiments were performed, 
each consisting of one true and one oxygenated equilibration. In or- 
der that the results might be compared, a nomogram was constructed, 
as described above. In this instance, however, the number of points 
actually determined was small.: two points on the oxygenated CO 2 
curve, one on the reduced curve, one point at 40 mm. CO 2 and 30 mm. 


te,n 5 ion, 11x111 
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volfl per cent. 

Fig. 9. C02 -02 Nomogram of Blood of Subject M. L. S. 

For explanation see figure 6, and text. Circles = experiments of February 25. 
Triangles — experiments of March 1. 


O 2 tensions, and one at 40 mm. CO 2 and 45 mm. O 2 tensions. These 
were sufficient to give the skeleton of a complete nomogram. The CO 2 
tension lines were drawn by using slopes and distances similar to those 
of the nomogram of D. W. R.; the error involved by this procedure, 
over the small area imder consideration, is probably not great. 

The nomogram is given in fiigure 9, with the two pairs of experiments 
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plotted on it. Expired air samples were not obtained, but average 
R.Q. lines ( = 0.8) have been drawn from each of the alveolar air 
points. It will be seen that the points in each true venous tension ex- 
periment are fairly dose together. The agreement in CO 2 content 
level between the true and corresponding oxygenated points at equilib- 
rium is fair: the average of fifteenth and twentieth second points 
show a difference of -0.6 volumes per cent (‘True” less than oxy- 
genated) in the first experiment, and -f 0.25 volumes per cent in the 
second. From the position of the R,Q. lines, the latter would appear 
to be doser to the true mixed venous point. 

As in the experiments with subject D. W. R., it can be said that 
“true” and oxygenated methods appear to give the same general level 
of venous CO 2 content. The average oxygen utilization or arterio- 
venous difference, for this subject was 5.6 volumes per cent. 

The recent experiments of Lauter with Bauman and Friedlander 
(25), in which blood was taken directly from the right hearts of human 
subjects in the resting basal state, showed the average blood flow to be 
about 4.5 liters per minute, and the average arteriovenous oxygen 
difference 5 volumes per cent. This compares well with the above 
results on the two subjects of our experiments, under non-basal con- 
ditions. As we studied only two subjects, no conclusion can be drawn 
as to the absolute accuracy of the results we have obtained, but this 
comparison of indirect with direct mixed venous blood determinations 
suggests that the unproved assumptions (see Part I) which we have 
made in these experiments — particularly relative to respiratory 
movement and recirculation of blood — do not involve any large error. 

SUMMARY 

From the data presented in this paper, the following summary of 
results obtained may be given: 

1. For the investigation of mixed venous blood gases in man at rest, 
two normal subjects were studied. The methods employed were 
simple, involving the rebreathing of ga& mixtures from a bag, and the 
taking of instantaneous samples at intervals of 5 seconds during the 
rebreathing period. The latter lasted usually about 30 seconds, some- 
times as long as 50 seconds. 
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2. In the experiments in which oxygenated mixed venous blood was 
studied, it was found that a “plateau” level for CO 2 tensions could be 
obtained regularly near the fifteenth second after beginning rebreath- 
lug, providing suitable initial CO 2 tensions were used in the rebreathing 
bag. These tensions could be varied within well defined limits, the 
lower limit being a value about 2 mm. higher than the resulting 
equilibrium level; and the upper limit about 15 mm. above this level 
in the case of one subject, and 10 mm. above in the case of the other. 
The equilibrium level was on the average practically the same for all 
bag mixtures used, within these limits. 

3. Below this lower limit of initial CO 2 tension, no constant plateau 
level was reached during rebreathing. Above the upper limit of 
initial CO 2 tension, plateaux were found which were definitely above 
those reached by the lower tensions. 

4. The plateaux, or equilibrium levels of CO 2 tension, were not quite 
horizontal, but showed slight upward inclination. It was thought 
that this might be due in part to progressive oxygen absorption during 
the interval, and in part to recirculation of small volumes of blood. 

5. The definiteness of the plateau or equilibrium levels was indicated 
by the facts (a) that they occurred regularly over the same time inter- 
val, (15 to 20 seconds), (6) that the deviations in slope of individual 
experiments from the average were much less over this interval than 
over earlier and later intervals, and (c) that widely different initial 
concentrations of CO 2 in the rebreathing bag were brought to the same 
equilibrium level at the end of rebreathing. 

6. The actual equilibrium levels of mixed venous CO 2 varied with 
the time of day, and varied from one day to another. Successive ex- 
periments on the same morning with the subject remaining at rest, gave 
levels varying by less than 1 mm. of CO 2 . 

7. In the experiments in which it was attempted to establish true 
mixed venous equilibrium (in respect to both CO 2 and O 2 tensions) 
between lungs and blood, it was found that the mixed lung and bag 
gases had to be dose to the actual venous tensions, in order for equfiib- 
rium to be established in the lung gases before recirculation of blood 
began. 

8. One experiment in which arterial blood was drawn while such a 
rebreathing experiment was being done, showed that, near the mixed 
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venous level, at the time when the lung gases were in apparent equilib- 
rium, lung tensions and blood tensions were nearly the same. 

9. By plotting on a blood nomogram oxygenated and true mixed 
venous tension experiments, it was found that successive experiments 
done by the two methods gave approximately the same venous COj 
contents at the equilibrium levels. 

10. The time when appreciable amounts of blood began to recir- 
culate, in the cases of the two subjects of these experiments, was 
usually between 20 and 25 seconds. This was indicated by (a) the 
time when oxygenated CO 2 tensions began to show a sharp upward 
trend, after the plateau level; (b) the time when oxygen tensions, in 
the true mixed venous tension experiments, after an initial steady 
increase, began to decrease again. 

11. Experiments in which successive rebreathing periods were em- 
ployed, leaving the bag mixture unchanged between periods, gave 
equilibrium levels definitely lower than either of the other two groups 
of experiments, in the case of one of the two subjects. It was con- 
cluded that /or this subject ^ the successive rebreathing method did not 
give mixed venous values. It was suggested also that this might ac- 
count for some of the high values for circulation rate obtained with 
circulation rate methods in which this technique was used. 

12. Calculations of circulation rate, in one of the two subjects, 
gave the following average values: (a) from the oxygenated mixed 
venous CO 2 tension values, 5.1 liters per minute; (b) from the true 
mixed venous CO 2 values, 5.3 liters per minute. Circulation rate per 
square meter of body surface (conditions not basal), 2.6 liters per 
minute. 

13. The arteriovenous oxygen difference for one subject was 5.1 
volumes per cent, for the other 5.6 volumes per cent. This compares 
closely with the values obtained by Lauter, by direct cardiac puncture 
in man. 


CONCLUSION 

1. By the use of a simple technique of rebreathing C0a-02-N2 mix- 
tures, with samples taken every 5 seconds during the procedure, the 
course of equilibration of lung air with incoming venous blood has been 
studied. It has been found that an equilibrium can be regularly 
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established, for CO 2 with certain high oxygen mixtures, and for both 
CO 2 and O 2 with certain low oxygen mixtures. These two equilibria 
represent essentially the same CO 2 content levels in the (venous) blood 
of the subject. The mixtures of rebreathed gases that can be used to 
estabhsh such equilibria can be varied within small but fairly well 
defined limits. 

2. To accept these equihbria as representing the state of the mixed 
venous blood at rest involves certain assumptions; these have been 
described in the first part of the present study. Previous workers 
have shown that (a) with proper technique complete mixture of lung- 
bag gases is attainable; (b) “true” and “oxygenated” mixed venous 
CO 2 levels are the same. Our experiments have confirmed the above 
and have further shown that (c) the error due to progressive oxygen 
absorption during the oxygenated mixed venous equilibration is small, 
(d) lung gases and blood are in approximate equilibrium at the end of a 
“true” mixed venous equilibration, (e) the method of intermittent 
rebreathings gives false “mixed venous” equilibria in one of the sub- 
jects studied. 

3. No further evidence has been obtained as to the presence or ex- 
tent of error due to (a) altered respiratory movements during the pro- 
cedure, or {b) recirculation within the time of the procedure, of small 
amounts of blood; but the comparison of our arteriovenous differences 
with those recently obtained by Lauter with direct cardiac punc- 
ture, suggests that the error involved here is small. 
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LIVER EXTRACT, LIVER ASH AND IRON IN THE TREAT- 
MENT OF ANEMIA 


By CHESTER S. KEEFER, K. K. HUANG and C. S. YANG 
{Prom the Deparimcni of Medicine^ Peiping (Peking) l/ttion Medical College, Peiping) 

(Received for publication June 6, 1930) 

INTRODUCTION 

Inasmuch as it has been demonstrated that liver and iron are potent 
in increasing the hemoglobin output of some patients with anemia, it 
seemed highly desirable to determine the effect of liver extract, liver 
ash, and iron in similar cases. Accordingly, we studied the response 
of the blood of fifty-five patients with anemia uang these substances. 
Fourteen patients were studied following liver extract, ten following 
liver ash, and thirty-one following various doses of iron. In this 
paper we present the results of our investigations. 

LITERATURE 

Before proceeding it is necessary to review the information which exists regard- 
ing the value of liver extract (Number 343 Lilly) and liver ash in the treatment of 
the various anemias. 

Besides increasing the hemoglobin and erythrocyte content of the blood in 
pernicious anemia (1), liver extract has been found to be effective in the treatment 
of the anemia of sprue (2) (3) (4) (5), tapeworm anemia (6), in some of the nutri- 
tional anemias of childhood (7) (8), in the anemia associated with intestinal stric- 
tures (9), chronic dysentery, and pregnancy (10) (1 1) (12) (13). When it has been 
given to patients with other forms of anemia the results have varied. For exam- 
ple, ilinot, Murphy, and Stetson (13) state that one group of eleven patients 
showed no response to liver extract which was potent in pernicious anemia, where- 
as, in another group of ten patients, eight showed a slight increase in the reticulo- 
cytes, but they were not over 3.7 per cent. In the remaining two, the reticulocytes 
increased to from 6 to 8 per cent. From these observations they concluded that 
liver extract was not effective in most cases of ‘ ‘secondary anemia.” However, they 
stated that If iron were added to liver extract the results were more noticeable than 
when either was given alone. Vaughn (14) also has reported favorable results in 
some forms of anemia following liver extract. 
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determine whether the response to hver was due to its inorganic 
constituents, of which iron is one, or to other substances. We studied 
the course of the blood in patients with anemia and the value of liver 
ash as compared with iron and liver. The liver ash was prepared by- 
mincing the liver in a meat grinder and drying it in an oven until a 
fine brown powder was obtained. It was then burned with a hot 
flame until a carboniferous mass was formed. This was then ground 
in a mortar and heated again until a fine gray powder was obtained. 
The results of liver ash feeding are summarized in table 2. The values 
recorded correspond to those at the beginning and end of treatment. 


TABLE 2 

R&sttUs oj the treatment of anemia with liver ash 


Cise 

Red blood cells 

' Hemoglobin j 

Reticulocytes 

Type of anemia 

Beiore 
liver ash 

Alter 
liver ash 

Before 
liver ash 


Before 1 
treatment j 

After 

treatment 


millions 

millions 

Per cent 

per «n/ 

per cent | 

per cent 


15 

3.75 

4.0 

42 

50 

0 1 

4.8 

Dysentery 

16 

3.50 

4,0 

40 

45 

0.4 

1.8 

Nutritional 

17 

3.00 

4.25 

52 

65 

0 

4 

Edema disease 

18 

2.11 

2.44 

37 

38 

0.1 

1.2 

Hookworm 

19 

4.00 ' 

4.0 * 

70 

75 

4 

0 1 

Edema disease 

20 1 

2.57 ' 

2.50 ' 

34 

33 

1 

1.0 1 

Posthemorrhagic 

21 ' 

2.02 ' 

1.92 

43 

35 ! 

0.4 

3 1 

Cirrhosis of liver 

22 ' 

3.46 

4.41 

43 ! 

55 1 

0.8 

3.4 

Posthemorrhagic 

23 

3.33 

3.28 

53 

47 1 

1.6 

2.6 

Dysentery 

24 

2.86 1 

2.72 1 

65 1 

58 1 

2.6 1 

4.8 

Djnsentery 


In several there was a slight increase of the erythrocytes, hemoglobin, 
and reticulocytes, but complete recovery was never observed. 

Following the observations of liver ash, liver or iron was given and 
the results compared. In most instances, the changes were striking 
and may be illustrated clearly by means of charts. 

Charts 4 and 5 illustrate the course of the blood of two patients with 
a chlorotic type of anemia associated with malnutrition. In one 
(chart 4, Case 15) no improvement followed liver ash. When the 
equivalent amount of whole liver was given daily for fourteen days, 
there was slight improvement with an increase of the vaiious elements 
of the blood; but following large doses of iron, recovery occurred 
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promptly. In the other patient (chart 5, Case 16) no demonstrable 
improvement resulted from liver ash or whole liver, whereas complete 
recovery followed iron. These two cases illustrate that the inorganic 
elements of liver were of little value in these patients when given in 
amounts equivalent to 300 grams of whole liver, whereas large doses 
of iron were effective. 

pharts 6 and 7 illustrate the difference between the reactions of 
liver ash and iron. In Case 17 (chart 6) there was temporary improve- 
ment of the anemia following hospital diet and the subsidence of the 
symptoms of dysentery. This was followed by an exacerbation of the 
dysentery and a fall in hemoglobin and red blood cell count. Follow- 
ing liver ash there was an increase of red cells, and a slight increase in 
the hemoglobin content of the blood. However, the hemoglobin did 
not return to normal imtil after the administration of iron. 

In Case 18 (chart 7) the anemia was associated with hookworm 
infestation. There was no response to liver ash, but marked improve- 
ment following iron. Whole liver caused no further improvement. 

In Case 19 (chart 8) the anemia was associated with imdernutrition 
and edema disease. There was a satisfactory response to iron which 
was not enhanced by liver ash. 

From the above cases it is dear that liver ash was of little demon- 
strable value when given in amounts which were equivalent to 300 
grams of whole liver a day. In some a similar amount of whole cooked 
liver was more effective than liver ash. However, when these results 
were compared with iron, the contrast was striking and requires further 
comment. 

On the basis that iron is one of the potent factors of liver ash, it is 
surprising that we did not observe more conspicuous results following 
its exhibition and more particularly since the response in the same 
patients was so remarkable following large doses of iron. 

In attempting to explain why this should be so, it is necessary to 
keep in mind the available facts regarding the production of hemo- 
globin following iron feeding in animals. The question continues to 
be a controversial one. In the experience of different investigators, 
the results of iron feeding have not been in agreement. These differ- 
ences are, no doubt, due to the fact that iron has been tested in the 
various anemias of rats, and the results compared with those following 
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left-hand corner of the chart represent the hemoglobm regeneration 
following liver ash. Following these doses the hemoglobin output was 
slight, whereas, following larger doses of iron the increase was consider- 


IRON 


480 

460 

360 

< 

0 

1 


270 


IBO 


0 

2 


30 

Z\ 


• 

• • • < 

1 ••• 

A 

• 









i 


• 


i 


. A 


I 

1 *• ' 




0 12 3 4 

HB. PER CENT A DAY 


Chaat 9. The Rate of Hemoglobin Regeneration a Day in 38 Paxienxs 
Follo\ving Various Doses of Iron 

Each dot represents a patient, and the average increase in the hemoglobin 
content of the blood a day after iron. The dots in the lower left hand corner 
represent the amount of hemoglobin put out following liver ash. The two tri- 
angles and the two squares represent the response of two different patients^foUow- 
ing different doses of iron. 
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ably greater. The results of a study of seven patients who just 
received liver ash and then iron are recorded in table 3. 

Besides calculating the average daily increases in hemoglobin fol- 
lowing various doses of iron, we studied the response of the reticulo- 
cytes in order to determine whether large doses of iron were more 
effective in increasing the reticulocytes in the blood than small doses. 
These data are plotted in chart 10. The percentage of reticulocytes 
following various amounts of iron is charted with the total number of 
erythrocytes before treatment. The squares represent the response 
following 480 mgm. of iron; the dots, 180 mgm.; the triangles, 90mgm.; 
and the diamonds, 21 mgm, in the form of liver ash. It is readily seen 


TABLE 3 


Results of the treatment of anemia with varying doses of iron 


Case 

Before liver ash 

After liver ash 
Iron content 
0.021 gram 

Before iron 

After iron 

Daily 
dose of 
iron 

Reticulocytes 

Red 

blood 

cells 

Hemo- 

globin 

Red 

blood 

cells 

Hemo- 

globin 

Red 

blood 

cells 

Hemo- 

globin 

Red 

blood 

cells 

Hemo- 

globin 

Follow- 
ing liver 
ash 

Follow- 
ing iron 


millions 

Per cent 

millions 

Per cent 

millions 

Per cent 

millions 

per cent 

grams 

Per cent 

per cent 

15 

3.75 

42 

4.0 

50 

4.0 

50 


90 

0.48 

4.2 

9 

16 

3.50 

40 


45 

4.0 

45 


90 

0.48 

1.8 

5 

17 

3.0 

52 

4.25 

65 

4.25 

65 

5.0 

90 

1 0.36 


7 

18 

2.11 

37 

2.44 

38 

2.44 

38 

3.5 

70 

' 0.48 

1-2 

12 

20 

I 2.57 

' 34 

2.50 

I 33 

2.50 

33 


90 

0.36 


7 

21 

1 2.02 

43 

1.92 

35 

1.92 

35 

4.5 

88 

0.18 

3.4 

9 

23 

3.33 

52 

3.28 

47 

3.28 

47 

4.5 

85 

0.48 

2.6 

3.4 


that as a general rule the lower the red blood cell count at the beginmng 
of treatment, the greater was the increase in reticulocytes. However, 
this was only true of patients in whom the dose of iron was large enough 
to produce a positive effect. For example, the response following iron 
given in doses of 21 mgm. (diamonds) was never very conspicuous, 
but when larger doses were given to the same patients, an increase in 
the reticulocytes was evident.. (See table 3.) 

From these observations it would seem justifiable to conclude that 
when anemias respond to iron therapy the dosage is of importance, 
and large doses are relatively more effective than small ones. This 
has been emphasized previously by Whipple and Robscheit-Robbins 
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Chart 10. The Response of the Reticulocytes Following Various Doses of Iron 
The percentage of reticulocytes at the peak of the rise is charted according to the number of red cells present before 
treatment was begun- The <Uamonds represent the response following 21 mgm. of iron a day when given in the form of 
liver ash. The triangles, dots and squares represent 0.09 gram, 0.18 gram and 0.48 gram of iron respectively. 
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The urea nitrogen of blood and urine was determined in our cases 
by the Van Sly ke- Cullen urease aeration method (18) (the gasometric 
urease methods had not yet been introduced). The uric acid was 
determined in whole blood filtrate by the method of Benedict (19). 

Figure 1 presents the data obtained from 117 tests on 30 patients. 
Twenty-one of these patients had chronic hemorrhagic Bright's dis- 
ease, and the remainder were distributed as follows: acute hemor- 
rhagic, 2 ; chronic degenerative, 3 ; arteriosclerotic, 3 ; cardiac failure, 

1. The approximate upper limit of normal, taken as 4 mgm. of uric 
acid per 100 cc. of blood, is indicated by the horizontal line drawn at 
that level across the chart. 

The data in figure 1 indicate the following: 

1. Normal blood uric acid (2 to 4 mgm. per cent) occurs in a large 
proportion of nephritic cases with urea excreting power from normal 
down to 20 per cent of normal. 

2. Moderately increased blood uric acid (between 4 and 6 mgm. per 
cent) may accompany either slight renal damage or the most extreme 
loss of function. 

3. Blood uric acid over 7 mgm. per cent appears to be caused by 
nephritis only when the latter has reached an advanced stage with urea 
excreting function less than one-fifth normal. Since similar uric acid 
values may be caused by other pathological conditions, however, 
even such high values may not always be accepted as evidence of renal 
damage. 

The irregular correlation of blood uric acid to renal function is 
what might be anticipated from the fact that uric acid is removed 
from the human body only partly by excretion, part being destroyed. 

Of the two exceptional cases, in which the uric acid rose above 6 
mgm. per cent while the clearance was approximately 50 per cent of 
normal, severe cardiac decompensation was present in one and acute 
streptococcic pharyngitis in the other. In this connection it may be 
said that the records of all patients with urea clearances above 20 
per cent of normal, together with abnormally high values for blood 
uric acid, were carefully examined. They were all receiving diets 
with 40 grams or more of protein daily, adequate in both carbohy- 
drates and total calories, so that starvation acidosis could not have 
been present as a complicating factor. 
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PHYSIOLOGICAL STUDIES OF FAINTNESS AND SYNCOPE 
By ISAAC STARR, JR., and LEON H. COLLINS, JR. 

{Prow the Laboratory of Pharniacologyj University of Pennsylvania, Philadelphia) 
(Received for publication September 17, 1930.) 

During experiments to determine the relationship of the ethyl iodide 
content of alveolar air and arterial blood in the upright position a 
number of subjects experienced faintness and two collapsed. Such 
an incident, occurring during a time when measurements of respiration 
and circulation were in progress, provided unusual opportunity for 
complete observation of the phenomena of faintness and syncope. 
Our study of the six cases which form the subject of this report rep- 
resents an effort to improve such opportunities. Our attempts to 
enlarge the series met with failure. It seemed to us that, as soon as 
the danger of fainting became known to the subjects, syncope no 
longer occurred. Those who collapsed were taken by surprise. 

Studies of fainting attacks in soldiers with irritable hearts have been 
made by Cotton and Lewis (1) . A case of syncope following short 
periods of cardiac arrest has been carefully studied by Laslett (2). 
In both of these vagal stimulation was identified as the chief factor; 
in our cases this appears to have been of secondary importance only. 

METHODS 

The apparatus and methods used for the determination of cardiac 
output (3) were employed. The subject, standing, inhaled from a 
spirometer containing about 1 cc. of ethyl iodide in 300 liters of air. 
One hand was placed in water at 43° to 45°C.; and late in the experi- 
ment blood, equivalent to arterial blood in gas content (4) was ob- 
tained from a vein on the back of this hand. Respiration was recorded 
by a pointer, attached to the spirometer bell, writing on kymograph 
paper. Blood pressure and pulse rate were determined frequently. 
In the last e.xperiments an electrocardiograph was used, recording 
from lead II. The subjects were instructed to tap with the foot 
whenever unusual sensations were noted, the time was then recorded 
on the record, and the signals interpreted after the experiment. 
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SYNCOPE 


The subjects were healthy young men between the ages of 27 and 
35. Three were doctors of medicine, one a physiologist. All were 
accustomed to the proceedings involved in this study. Subjects J. H. 
and H. H. had had syncopal attacks before, the others could not recall 
any. 

After a brief period of adaptation, holding the hand in hot water 
caused no discomfort to the subjects. In all the entire skin became 
warm and moist. Some noted increased axillary perspiration. In 
one, who did not faint, there was generalized perspiration throughout 
the experiment. 


RESULTS 

Control experiments without faintness. In the experiments in which 
faintness did not occur no significant changes of blood pressure, pulse 
and respiration took place. Hence these records have not been given. 

Experiments in which faintness occurred. Data collected in the six 
experiments are presented in the figures and described below. 

I. Subjective sensations. Among the sensations of faintness ex- 
perienced by the subjects were tinnitus, light headedness, vertigo, 
nausea, a sinking feeling in the abdomen similar to that produced by 
rapid descent in an elevator, and finally a feeling that near objects 
were becoming distant and indistinct. A feeling of apprehension often 
preceded and always accompanied more definite sensations. For 
convenience of expression these sensations will be referred to as faint- 
ness in the remainder of this paper. 

The arrows, placed on the figures under the supervision of the sub- 
jects, indicate gradual rather than sharp changes of sensation. 

II. The circulation. The first estimations of cardiac output in 
experiments 3 and 4 were made after or during the preliminary rise 
of pulse rate but before the sensations of faintness, and changes in 
respiration and blood pressure had developed. In both cases the 
cardiac output was well within the normal range, much above the 
average normal basal level. 

Unfortunately the data which could be secured during the actual 
period of faintness are insufficient to permit accurate calculation of 
cardiac output at that time, as recovery or collapse supervened too 
quickly to allow all requisite samples to be taken. Nevertheless, it 
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seems proper to assess the significance of such data as were 
obtained. 

The samples of expired and of alveolar air secured during faint- 
ness in experiments 1, 3 and 4, together with knowledge of the con- 
centration inhaled and of the respiration, permit the cardiac output 



General explanation of figures. The results of puise and blood pressure esti- 
mations have been placed at the time the determinations were begim. The scale 
for pulse and respiratory rates indicates the rate per minute; for volume of respi- 
ration liters per minute; for blood pressure’the same scale is employed as for pulse 
rate, but it should be read as mm, of Hg. The samples of inspired, expired, alveolar, 
and rebreathed air, analyzed for ethyl iodide to estimate cardiac output, have 
been recorded under their initial letters at the time the sample was trapped. The 
content of alveolar samples represents the condition of alveolar air somewhat 
before trapping (3). The alveolar CO 2 has been recorded at the approximate 
time the percentage found was present. 

Fig. 1. Kxperiment 1. At the end of the record the subject fell, was caught 
and carried to a nearby couch. He was unconscious for about a minute, recovered 
promptly, felt entirely well in about fifteen minutes. 

to be calculated according to the method of Henderson and Haggard 
(5), The results are much above the average found in normal persons 
standing by Rosen and White (6), and are at or above the average 
calculated from our data in eighteen similar experiments (7). Also 
these results in experiments 2 and 3 are much above those calculated 
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from experiments in winch the same subjects stood without faintness 
(7) . No similar control experiments on H. H. were performed. While 
we have little confidence in the figures for cardiac output thus obtained, 
it is obvious that the ethyl iodide in expired and in alveolar air during 
faintness bore the same relation to that inspired as occurs in persons 



Fig. 4. Experiment 4. The pulse rose from 88 to US, the blood pressure 
changed from 106/80 to 100/84 during the 16 minutes preceding the period given 
in the figure. The first cardiac output estimations indicated 5. 1 liters per minute. 
The skin was punctured twice, no blood being obtained. At the end of the record 
the subject fell, was caught and laid fiat on the couch. Some of the observers 
believed that he became unconscious, the subject thought not. He was fully 
conscious within a minute and continued to lie down for about 20 minutes. 

with normal circulations. This suggests that"* the cardiac output 
during faintness was normal. Hut as the possibility of diminution 
of ethyl iodide in venous blood during faintness cannot be denied, 
we prefer to regard our evidence on the state of the cardiac output 
during these sensations as inconclusive. 

Any speculation regarding the size of the cardiac output depends 
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on the assumption that the equilibrium of ethyl iodide between alveolar 
air and blood is not disturbed during faintness. In experiment 3 the 
agreement of the ethyl iodide content of “arterial” blood with that 
calculated from alveolar concentration and average normal distri- 
bution coefficient (6.1) demonstrates the existence of a normal equilib- 
rium. The attempt to demonstrate it in experiment 2 failed because 
the fainting subject did not grasp the mouthpiece sufficiently to pre- 
vent leakage. 


TABLE I 

Data bearing on cardiac oiiipnt before or during faintness 


Experi- 

ment 

number 

Ethyl iodide concentration ] 

Respiration ] 

Tempera- 

Cardiac 

output 

Inspired 

Expired 

' Alveolar 

1 

nebreathed 

Lasts 

minutes 

minute ' 

ture correc- 
tion 


m£m. per 
liter 

1 per 

1 liter 

mgm. per 
liter 

per 

liter 

liters Per 
minute 

liters per , 
minute 


liters per 
minute 
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; 5.34 

2. SI 
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0.92 
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2.11 



12.5 
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5.77 

2.50 

1.84 
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1.59 
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7.3 
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1.73 , 

1.09 

7.8 

8.0 




5.34 ; 

2.79 

1.93 

1.14 

8.85 


0.917 

5.1 

1b 


3.10 

2.08 



11.0 




In calculating cardiac output the average normal distribution coefficient, 6.1 has been 
employed. The small correction for delay in taking the R sample (3) has been omitted as 
its value cannot be determined from the data. 


Therefore we have obtained no evidence of a diminished cardiac 
output before or early in the process of fainting. Later when pulse 
rate and blood pressure had fallen markedly, a diminished cardiac 
output seems highly probable. We have obtained no evidence on this 
point. 

In the five experiments in which enough counts were made, the 
pulse rate always increased before or early in the sensations of faint- 
ness, while the control experiments showed no similar changes. Later 
in ^e experiments the pulse rate always fell after recovery (experi- 
ments 3, 5, and 6) or after syncope (experiments 1 and 4). In ex- 
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be an artifact because the subject was so weak that his cheeks bal- 
looned on each expiration and leakage of air around the mouthpiece 
took place. 

When syncope occurred and the subject released the mouthpiece 
the respiratory record ceased. The violent movements of the chest, 
visible during the hyperpnea, were not seen after the subject was 
horizontal. 

The rate usually changed in the same direction as the minute 
volume but the change often began later. In experiment 5 the rate 
fell as minute volume increased, but this continued only for a very 
brief period. In no experiment did the increase in rate account for 
the increased minute volume, which was primarily caused by the great 
increase in depth. During syncope no accurate counts were made, but 
the rate appeared to become slower. 

As the alveolar air was collected by the repeated addition of small 
amounts to a large sampling tube, the gases found by analysis repre- 
sented the content of the alveoli about two and a half minutes before 
the collection was completed. Therefore, if the respiration was in- 
creasing, the percentage of CO 2 in the alveolar air when the sampling 
tube was closed must have been less than that found by analysis of 
the sample. The alveolar CO 2 at syncope must have been lower than 
the figures here reported. 

It is obvious that the alveolar CO 2 found was abnormally low in 
all cases in which syncope occurred. Identical experiments without 
faintness showed alveolar CO 2 contents over 1 per cent higher for C. 
S. and H. H., from 0.1 to 0.7 per cent higher for J. H. It is interesting 
that C. S., so faint that he had to be supported, recovered during a 
rebreathing period of 1 minute, 25 seconds duration, though he con- 
tinued to stand upright. 

While hyperventilation with blowing off of CO 2 will cause low blood 
pressure in animals (9, 10), increasing hyperventilation of the grade 
recorded in our subjects is not sufficient to cause much change of 
blood pressure, or to produce symptoms in normal subjects (11). 
On the other hand subjects who complain of “light headedness’* when 
breathing deeply are occasionally encountered (12). Therefore the 
lowering of blood CO 2 , though not the cause of syncope, may well be 
a factor in the production of the symptoms. 
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It is proper to examine our data and ask whether the physiological 
changes found are those known to follow cerebral anemia in animal 
experiments. In figure 7 are shown the changes following cerebral 
anemia produced by elevation of the head or constriction of the carotids 
in anesthetized cats prepared by Dr. Carl F. Schmidt. The hyper- 
ventilation followed by apnea, the initial slight changes of blood pres- 
sure without change in pulse rate, later followed by great slowing of 
the heart and a fall in blood pressure, are all consistent with the obser- 
vations on our subjects. Other investigators (14) have reported simi- 
lar results and have also shown that the cardiac slowing disappears 
after section of the vagi (15). The similarity of these responses fol- 
lowing cerebral anemia to the changes we observed during faintness is 
obvious. Therefore we agree that cerebral anemia is the probable 
cause of faintness and syncope. However, it should be pointed out 
that the results pictured in figure 7 are by no means always obtained 
and in many experiments cerebral anemia causes a rise of blood 
pressure followed by cardiac slowing with fall of blood pressure in 
animal experiments (16). 

Possible causes of cerebral anemia in onr experiments and in other 
reported cases. Concerning the cause of the cerebral anemia there 
is difference of opinion and without doubt difference of physiological 
mechanism is to be expected in different cases. 

In our experiments cardiac slowing followed both an increase of 
pulse rate and the onset of sensations of faintness. Therefore reflex 
vagus stimulation, demonstrated to be the cause of syncope in Laslett^s 
case (2) and suggested by Cotton and Lewis (1) as the explanation of 
' fainting attacks in soldiers with irritable hearts, was not the primary 
cause of symptoms in our subjects. 

We have obtained no evidence of diminished cardiac output or fall 
of blood pressure before the development of sensations. The con- 
ception of Field and Bock (17) and Turner (18, 19) that faintness on 
prolonged standing is due to cerebral anemia secondary to decreased 
cardiac output from diminished venous return does not apply to all 
our subjects. But undoubtedly a low cardiac output must be con- 
sidered a predisposing cause of cerebral anemia as it must greatly 
increase the difficulty of maintaining an adequate circulation to the 
brain. This should be considered a factor in subject J. H., whose 
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THE EXCRETION OF INTRAVENOUSLY INJECTED 
BILIRUBIN AS A TEST OF LIVER FUNCTION 

By GEORGE A. HARROP, JR., and E, S. GUZMAN BARRON 

{Fromihs Chemical Division of the Medic<d Johns Hophins UniversUy and Hospital^ 

Baltimore) 

(Received for publication July 31, 1930) 

The liver plays such an important role in the animal body that the 
study of methods for testing its functional ability has attracted and 
still attracts considerable interest. As this gland is believed to be the 
site of internal as well as of external secretions, it is probable that dis- 
sociated functional disturbances may arise when it is acted upon by 
an injurious agent. At least theoretically, therefore, an adequate 
test for liver function ought to include the study of all of its multiple 
activities. It is likely, however, that some of these functions are more 
susceptible to the action of noxious agents and are readily damaged 
when other functions are stiE unimpaired. Such appears to be true 
as regards the ability of the liver to excrete bilirubin. The important 
place which the Van den Bergh reaction and the determination of 
bilirubinemia have taken in the study of liver disease indicates the 
trend of current opinion. 

It is, however, well recognized that there are conditions of mild 
liver injury where the bilirubinemia is not increased, either because 
the liver cells are still able to excrete the normally circulating biliru- 
bin or because there is a diminished production of the pigment. In 
either case the insufficiency of the liver might be demonstrated by 
injecting an additional amount of the pigment and studying the rate 
of its excretion. Working on this theory, Barron and Rich (1) have 
recently been engaged in the study of bilirubin excretion in dogs with 
the intention of applying the method later to clinical use. Mean- 
time reports have been published in Germany by Von Bergmann (2) 
and his associate, Eilbott (3) who have applied the bilirubin excretory 
power of the liver to the study of a variety of hepatic disorders, par- 
ticularly cirrhosis, chronic passive congestion of the liver, cholecysti- 
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tis and miscellaneous cases of jaundice. These authors injected 70 
mgm. of bilirubin dissolved in 10 cc. of 5 per cent NaOH estimating 
the blood concentration at measured time intervals thereafter. 

THEORETICAL BASIS FOR THE BILIRUBIN EXCRETION TEST 

From the considerable literature devoted to the problem of the site 
of bilirubin formation it can be concluded that there is no evidence 
that the polygonal liver cells are concerned with the formation of 
bilirubin. In all probability the cells of the recticulo-endothelial sys- 
tem are actively concerned in the formation of the pigment through 
hydrolysis of the blood hemoglobin and possibly of related pigments. 

The site of bilirubin excretion has been less subject to discussion. 
As early as 1874, Tarchanoff (4) studied the excretion of intravenously 
injected bilirubin in dogs, determining the pigment in the bile and urine 
by means of fistulas of the common bile duct and ureters. He reported 
that all of the injected bilirubin was found in the bile and none in the 
urine. These observations were confirmed by Vossius (5) in the same 
animal and by Beckmann (6) in rabbits. They used the Gmelin 
test for detecting bilirubin in the urine. These observations are cor- 
rect in their essential conclusions. The liver of the dog possesses 
such an enormous ability to excrete bilirubin that even though there 
is no renal threshold for bilirubin, the amount secreted through the 
kidneys is at its maximum only one per cent of the injected bilirubin. 
In man the kidney does not take any part in the excretion of the pig- 
ment, under the conditions of our experiments, since we have studied 
only individuals with blood serum showing an indirect Van den Bergh 
reaction. Although the bilirubin solution, which is injected intra- 
venously, gives a direct Van den Bergh reaction, as soon as it enters 
the blood stream it is adsorbed by the proteins of the blood serum 
and the Van den Bergh reaction becomes indirect, exactly in the same 
manner as occurs when a solution of bilirubin is added in vitro to serum 
(Harrop and Barron (7)). It is well known that bilirubin giving the 
indirect Van den Bergh reaction is not excreted through the kidneys. 
It can be argued that the injected bilirubin may be phagocyted by the 
cells of the reticulo-endothelial system in the same manner as occurs 
when foreign pigments are injected into the blood stream. The ob- 
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servations of Kanner (8) are against such an assumption. Studying 
systematically the reticulo-endothelial system in different types of 
jaundice, Kanner (8) found that only in cases of complete obstructive 
jaundice was there any storage of bilirubin within the Kupfer cells; 
in conditions of partial obstructive jaundice and non-obstructive jaun- 
dice he never found evidence of bilirubin storage whether in the Kup- 
fer cells or at any other place in the reticulo-endothelial system. 

The studies which have been briefly summarized above indicate 
that injected bilirubin is not excreted through the kidneys, that it is 
not retained by the cells of the reticulo-endothelial system; and that it 
is totally excreted by the liver. The rate of excretion of bilirubin in- 
jected intravenously may therefore be employed as a rational test for 
liver function. 


SOLITBIXITY OF BILIRUBIN 

It is well known that bilirubin is soluble in aqueous solvents, only 
when they are highly alkaline. Kerppola and Leikola (9) have 
studied the solubility of bilirubin at different hydrion concentrations, 
mixing solutions of bilirubin in chloroform with various buffers. They 
found that the pigment remained in the chloroform solvent from pH 
0.0 to pH 6.5; that it is entirely dissolved in the buffer at pH 12 to pH 
14 and that from pH 7 to pH 11.5 some' of the pigment remains dis- 
solved in choroform while another portion goes into the buffer. We 
have studied the solubility of bilirubin in aqueous solvents at differ- 
ent hydrion concentrations, using in all the experiments the same 
bilirubin concentration, namely, 0.4 per cent. Bilirubin at such 
concentration can be kept entirely in solution when using solvents 
having a pH of about 11.0 provided the temperature of the solvent 
has been previously raised to 80°C. Once the bilirubin is in solution 
it can’ be kept dissolved until the pH is lowered to 9.4 by addition of 
appropriate buffers. 

TECHNIQUE OF THE BILIRUBIN EXCRETION TEST 

The technique which we have employed is as follows: The bilirubin 
used was obtained from the Eastman Kodak Company and was 
used without previous sterilization at a concentration of 1 mgm. per 
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kilogram of body weight.^ It was dissolved in 15 cc. of 0.5 m N^ajCOj 
previously boiled, after the solution had cooled to about S0°C. The 
final pH of the solution at 20°C. was 11.08 (as determined bv the hv- 
drogen electrode). A control sample of blood was taken before the 
injection. After the injection, blood was taken at the following inter- 
vals: 5 minutes, 30 minutes, 2 hours and 4 hours. The blood was re- 
ceived in test tubes containing 3 drops of 10 per cent of potassium o.\a- 
late which was previously dried. It was then kept in the dark in the 
ice box until the final collection was completed. 

Determination of bilirubin. In a previous review of the different 
methods used for the estimation of blood bilirubin (Harrop and Bar- 
ron (7)) it has been stated that the Van den Bergh method is the most 
reliable and accurate of the clinical methods. When determining 
small amounts of the pigment however the colorimetric readings are 
extremely uncertain and unreliable. We have therefore used Ernst 
and Forster’s method (10) which is performed essentially as follows: 
The plasma is precipitated by acetone, which is used at different con- 
centrations according to the amount of bilirubin present in the plasma. 
After shaking it is centrifuged and filtered, and the filtrate read at 
once in a colorimeter against a standard composed of potassium di- 
chromate, 1 to 6000, which had previously been standardized against a 
solution of bilirubin. By this method one determines both the bili- 
rubin and the unknown amount of lipochromes present in the blood 
plasma. It seems safe to assume however that there can be no change 
in the lipochrome concentration during the performance of the test. 
The error therefore remains constant and is removed from considera- 
tion by subtracting the figure found as the bilirubin value in the con- 
trol sample from the figures obtained from the other samples. Van 
den Bergh has shown (11) that bilirubin giving an indirect reaction is 
not adsorbed by the alcoholic precipitate of the serum proteins; 
the same thing applies to the acetone precipitate. As the Van den 
Bergh reaction in all the samples is indirect (provided the original 

^ We have recentb' had difSculty in obtaining bilirubin for injection from the 
Eastman Kodak Co. owing to temporary diihculties in their process of purifi- 
cation which they state will shortly be overcome. Meantime, Dr. L. J. Soffer 
has employed Bilirubin “Homburg,” obtainable from Chemisch-Pharmazeut 
A. G., Bad Homburg, Germany, with equally satisfactory results, in this clinic. 
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control sample is indirect) there is no loss of bilirubin due to the pre- 
cipitation of proteins. 

The rate of bilirubin excretion was plotted according to Von Berg- 
mann and Eilbott's method, i.e., the bilirubin content of the sample 
taken five minutes after the injection minus that of the control sample, 
was considered as containing 100 per cent of the injected pigment. 
The percentage retention of bilirubin in the other blood samples was 
then calculated after previous subtraction of the bilirubin contained 
in the control. 

THE EXCRETION OE BILIRUBIN BY THE LIVER IN NORMAL INDIVIDUALS 

When bilirubin is injected intravenously into normal individuals at 
the concentration given above, i.e., 1 mgm. per kilogram of body 
weight, it is totally excreted in from 2 to 4 hours. Table 1 and figure 
1 (dotted lines) show the rate of excretion of the pigment in normal 
persons. As is there shown, in the majority of cases the bilirubin 
was totally excreted within 2 to 3 hours after the injection. In some 
cases at the end of 3 hours, a slight retention still existed, but in these 
cases all the pigment had been excreted at the end of 4 hours. We 
may therefbre conclude that 4 hours is the maximum limit for the 
total excretion of bilirubin in normal individuals. W'henever bili- 
rubin retention is still present at the end of 4 hours we may consider 
that the power of the liver to excrete the pigment has been impaired. 

THE APPLICATION OP THE BILIRUBIN EXCRETION TEST TO PATHOLOGICAL 
CONDITIONS 

Our interest in the clinical application of this liver function test 
has been confined to cases of slight liver insufficiency which could not 
be detected by either the Van den Bergh test or by the use of the levu- 
lose or bromsulphalein tests. The introduction of an additional test 
for hepatic function is scarcely justified unless it yields information to 
the clinician which is not otherwise obtainable. 

An interesting condition in which liver damage may be possible but 
has never as yet been clearly demonstrated is severe anemia. Rich 
and Resnik (12) observed that in pernicious anemia, as well as in 
experimentally produced anemias, the cells about the efferent veins of 
each liver lobule may be damaged in a manner often indistinguishable 
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from that accompanying clironic passive congestion. They advanced 
the suggestion that the damage to the liver cells may be due to poor 
oxygenation. It was of interest to study the bilirubin excretory power 
of the liver in such cases. There is in pernicious anemia a hyperbili- 
rubinemia which is considered by many authors as of hemolytic nature 
and due solely to the increased red cell destruction. Secondary ane- 
mias usually show a hypobilirubinemia. The present test has been 


TABLE 1 

The serum bilirubin retention in individuals without demonstrable liver injury 


Case 

number 

• Per cent of bilirubm retention in blood serum 

Diagnosis and remarks 

30 minutes 1 

2 hours 

3 hours 

4 hours 

1 

35.0 

0.0 



Convalescent from rheumatic 






fever normal temperature 18 






days 

2 

32.8 

0.0 



Gastritis 

3 

16.5 

6.4 

0.0 


Recovered from lobar pneu* 






monia normal temperature for 






3 weeks 

4 

38.7 

9.0 

0.0 


Neurasthenia 

5 

36.5 

9.6 

0.0 


Sulphemoglobinemia 

6 

28.2 

8.6 

0.0 


Sulpheraoglobinemia 

7 

41.0 

6.0 

0.0 


I Chronic arthritis 

8 

36.0 

4.0 

0.0 


1 Normal 

9 

45.5 

26.8 

0.0 


1 Polycythemia vera 

10 

31.7 

19.0 

i 2.7 

0.0 

Polycythemia vera 

11 

53.0 

9.0 

1 4.0 

0.0 

Hernia 

12 

60.0 

11.2 

5.0 

0.0 

Gastric ulcer 


Bromsulphalein and Levulose Tolerance Tests showed normal function in all of these 
cases. 

* Percentage calculated on basis of amount present in blood 4 minutes after injection 
considered as 100 per cent. 

used clinically on five patients with primary anemia and two patients 
with secondary anemia. In all of these cases other tests for hepatic 
function were also performed: (a) The Van den Bergh reaction, which 
was always indirect; {b) the quantitative estimation of bilirubinemia 
which never was beyond 1 mgm. per cent; (c) the levulose tolerance 
and bromsulphalein tests which in all of these cases yielded no evi- 
dence of liver damage. Table 2 and figure 1 show that in all, except 
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one case of pernicious anemia, there was a definite retention of bilirubin 
at the end of four hours, indicating the presence of a functional dis- 
turbance of the liver. 



Fig. 1. BiLiRimiN Excretion Curves in Cases of Chronic Anemia 

Orduiates, per cent of bilirubin excreted. Abscissa, time in hours. Dotted 
line — normal curve. Full lines — cases of anemia. 

Fig. 2. Bilirubin Excretion Curves in Miscellaneous Cases of Liver 

Damage 

Ordinates, per cent of bilirubin excreted. Abscissa, time in hours, typhoid 
fever, presumably slight infectious hepatitis; 2 , cirrhosis of the liver; J, post- 
arsphenamine jaundice (Clinically recovered) ; 4, carcinoma of the liver. Dotted 
line — normal curve. 

In table 3 are given the results obtained in a number of pathological 
conditions, including cirrhosis of the liver, acute infectious disease in 
which liver damage may be suspected, and post-arsphenamine jaun- 
dice some months after clinical recovery. The demonstrations of 
definite liver damage in typhoid and other fevers, without clinical 





TAKLE 2 

The bilirubin excrcling power of the liver in chronic anemias of various types 
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* See note in previous table. 

t Van den Bergh reaction in all eases less than 1 mgm. per cent bilirubin retention. 
i Numerals indicate percentages of dye present in blood serum at end of 5 and 30 minutes after injection. 



TABLE 3 

Various types of liver injury — bilirubin excretory power of the liver 
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* See note in table 1. 

t Numerals indicate percentages of dye present in blood serum at end of 5 and 30 minutes after injection. 
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CHANGES IN BLOOD VOLUME IN PATIENTS WITH EDEMA 
OF RENAL ORIGIN 

Bv R. L. wXtERFIELD 

(From the Chemical Division of the Ucdical Clinic^ the Johns Hopkins Hospital atid 
U niversity, Baltunore) 

(Received for publication August 27, 1930) 

The purpose of the present study was to apply the carbon monoxide 
method to the investigation of the circulating blood volume in cases 
of renal edema, and to follow by this means the changes in the blood 
volume of patients during the disappearance or reappearance of their 
edema. The problem appeared to us one of particular interest in view 
of the fact that the investigations that have been published so far 
have, with few exceptions, been carried out by means of the dye 
method; moreover the results that have been obtained by that method 
have shown remarkable differences in the hands of different observers, 
two groups of workers getting with it results not only opposed, but 
diametrically opposed, to one another. 

In looking through the literature it appears that three cases re- 
ported by Plesch are the only ones in which the blood volume deter- 
minations were made by methods other than the dye method. In 
1909 (2) with his infusion method he found in a case of renal edema 
of the most extreme degree a blood volume that was only half the 
normal. In 1922 (1) with tlie carbon monoxide metliod the same 
author found in two cases of renal edema a small volume which in- 
creased as the edema became less. 

In 1924 (3) Linder and Lundsgaard found in cases of renal edema 
normal plasma volume using the dye method. 

In 1926 (4) Harrow reported four cases of nephritic edema— three 
children and one adult in which the blood volume had been deter- 
mined by the dye method. In all four cases the blood volume was 
diminished, whether calculated as volumes per unit of actual weight 
or as volumes per unit of edema-free weight. In two of the cases— 
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METHOD 

In our own studies on the blood volume in cases of renal edema we 
have used throughout the modification of Haldane’s carbon monoxide 
method described by Chang and Harrop (8) ; in fact we have used the 
actual apparatus which they constructed. We have, however, intro- 
duced the precaution of standardizing the posture of the patient 
(in view of the work of Thompson, Thompson and Daily (9) ), keeping 
them lying in bed for at least twelve hours prior to each determination. 

In all cases the carbon monoxide content of the blood was deter- 
mined in a sample drawn before rebreathing of the gas was started, 
and this figure was subtracted from the carbon monoxide content after 
rebreathing, in order to obtain the percentage of carbon monoxide 
that was present as a result of the inhalation alone. 


TABLE I 

Blood volumes of eight normal adults in the recumbent posture 



Whole blood, 
cc. per kgm. 
ideal weight 

Plasma, 
cc. per kgm. 
ideal weight 

Cells. 

cc, per kgm. 
ideal weight 

Average 

71.4 

40.5 

30.9 

26.3-36.4 

Range 

61.8-82.3 1 

35.6-47.2 



In eight normal adult males the blood in cc. per kgm. ideal weight 
was found by this method and with the same apparatus and technique 
to have the average figures and range of variation in the recumbent 
posture as shown in table 1. 

CASES AND RESULTS 

Five cases were studied. On all but one of them several blood 
volume determinations were made. In every case the actual blood 
volume was calcidated, and also the blood volume in cubic centi- 
meters per kilogram of ideal weight. The ideal weight was employed 
because of the large amount of edema present. 

Case J. M. L,, number 17,816. Age 42 years, Italian housewife. Diagnosis: 
anasarca; transient albuminuria; toxemia of pregnancy; nephrosis. 

She was admitted April 10, 1928, one month after her seventh normal delivery, 
with general anasarca which had started to appear during the last few weeks of 
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pregnancy. On admission there was considerable edema of the legs with ascites. 
There was no anemia. The urine showed a trace of albumin, no casts and a very 
occasional red cell; the specific gravity was 1020 and the reaction acid. The 
blood pressure was 160/100 mm. Hg. The nonprotein nitrogen had the normal 
figure of 33 mgm. per 100 cc. As shown in table 2 the cholesterol content of the 
plasma was raised while the serum protein had a remarkably low value. There 
was an inverted albumin-globulin ratio of 0.47 to 0.53. 

On a high protein diet the serum protein rose, rapidly and at the same time the 
albumin in the urine, which had previously been only a trace, increased to a large 
daily output. 

Finally the serum protein reached a normal figure of between 6 and 7 grams per 
100 cc., the albuminuria ceased and the edema disappeared. The blood pressure 
also fell, and was 118/63 mm. Hg on her discharge si.v weeks after admission. 

T.VBLE 2 


Variations in blood volume with disappearance of edema. Case 1 


Date 

Weight , 

HemO' 

Total 

Choles- 

Hema- 

Volume 

Volume jKT kgm. 
ideal weight 

globin 

protein : 

1 1 

terol 

tocrit ; 

Whole 

blood 

Plasma 

Cells 

Whole 

blood 

Plasma 

CclU 



J92S 

ksm. 

per cent 


mgm, 

per 

100 cc. 

percent- 
age of 
celt 

xolame 

liters 

liters 

liters 

cc. 

cc. \ 

i 

cc. 

April 18 

74 

99 

2.6 

167 

51,5 

3,21 

1.60 

1.65 

54.9 


28.2 

May 2 

El 

96 

6.1 

329 

! 44,5 

3,69 


1.64 

63.1 


28.1 

May U 

■1 

96 

6.5 

' 256 

42.5 

3.93 

i 2.26 

1,67 

67.2 

SB 

28.6 


In this case there was no anemia. The blood volume was low, 
entirely in respect of plasma, the cell volume being normal. With 
the subsidence of the edema the plasma volume rose to within normal 
limits and the cell volume underwent no change. 

Case 2. L. E., number 16,501. Autopsy number 1 1030. Age 24 years. White 
male, previously an attendent in a gasoline filling station. Diagnosis; chronic 
nephritis. 

Patient was admitted January 27, 1928, for massive edema involving most of the 
bod}’, ascites and bilateral hydrothorax. In the three preceding years he had had 
three sudden attacks of swelling commencing in his legs and spreading up to his 
abdominal wall; the first two attacks lasted several months and had subsided 
suddenly and spontaneously; the third had persisted over a year up to the time of 
admission. There was no history of infection. 
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On admission, the red blood count was 3.7 million and the white count 13,000. 
The blood pressure was 176/110 mm. Hg. There were no retinal changes. The 
urine showed a massive albuminuria, a few granular and hyaline casts, and numer- 
ous doubly refractiJe crystals; there were no red cells and the specific gravity was 
1030. The blood examination gave a nonprotein nitrogen of 31 mgm. per 100 cc.; 
serum protein of 4.2 grams per 100 cc. with inverted albumin-globulin ratio of 
9.43 to 0.57; and a high cholesterol of 410 mgm, per 100 cc. 

His weight on admission was 120 kgm, and on discharge 4 months later it had 
fallen to 78 kgm. 

Four months later he was readmitted for a few days to repeat the blood volume 
and other determinations. Except for the loss of an additional 4 kgm. of weight 
and a progression in his anemia he was much the same as he had been 4 months 
previously. His red cell count had fallen to 2,5 million, his nonprotein nitrogen 


TABLE 3 

Variations in blood volume with disappearance of edema. Case 2 


Date 

Weight 

Hemo- 

Total 

Cholcs- 

Hema' 

Volume 

Volume j«r kgm. 
ideal weight 

glohia 

protein 

tcrol 

tocrit 

Whole 

blood 

Plasma 

Cells 

Whole 

blood 

Plasma 

Cells 

tm 

ktm. 

Ptreent 

trams 

Ptr 

100 cc. 

mgm. 

ptr 

IQQ cc. 

ptreenO. 
age of 
celt 

volume 

liicrs 

liters 

liters 

cc. 

cc. 

cc. 

January 31 

116 

62 

4.2 

410 

34 

3.99 

2.63 

1.35 

55.5 

36.4 

18.9 

Alarch 2 

109 

63 

3.5 

306 

31 

5.16 

3.56 

1,60 

71.7 

49.5 

22,2 

April 13 

88 

62 

3.8 ; 


29 ! 

5.14 

3.45 

1.69 

71-5 

48.0 

23.5 

May 21 ! 

80 

60 



31 : 

4.89 

3.37 

1.52 

67.9 

46.9 

21.1 

October 20 

74 

45 

4.6 

313 

25 : 

5.28 

3,96! 

1-32 

73.4 

55.0 

18.4 


was 45 mgm, per 100 cc. and his blood pressure 185/110 mm. Hg. There was still 
massive albuminuria, but in addition numerous casts and very' occasional red 
cells were now present. 

Eight months later he was readmitted in uremia and died. 

In this case as shown in table 3 the blood volume was low, the 
plasma volume was on the lower limit of normal and the cell volume 
below the normal figure. There was a considerable anemia. After 
diuresis had set in the blood volume rose to the normal figure mainly 
as the result of a great increase in plasma volume which rose above the 
normal value. The cell volume also increased at first, but finally fell 
again with the progress of the anemia. In the last determination 
the total blood volume was still within normal limits despite the very 
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Later as the edema disappeared the blood volume approached again 
the lower limits of normal despite the still further diminishing cell 
volume, owing to the fact that the plasma volume had risen above the 
normal. 

Case 4. N. M., number 16,638. Autopsy, number 10661. . Age 47 years. 
German housewife. Diagnosis: chronic nephritis, arteriorsderosis, hypertension, 
myocardial insufficiency. Admitted February 3, 1928, for general anasarca. 

The swelling of the legs had started two months before admission. More 
recently the abdomen had begun to swell, there had been puffiness of the face, 
misty vision, dyspnea on exertion and weakness. 

There was found on examination generalized edema, ascites and a bilateral 
hydrotliorax. The heart was large and there was marked albuminuric retinitis. 
The blood pressure varied between 2D0/120 and 220/160 mm. Hg. The urine 


TABLE 5 

Variations in blood volume wUh variations in amount of edema. Case 4 


Date 

Weight 


1 Total 

1 Cholcs- 

1 Hema- 

1 Volume 

Volume per kgm. 

1 ideal weight 

1 globm 

1 

1 protein 

j terol 

tocrit 

Whole 

blood 

Plasma 

1 

Cells 

Whole 

blood 

1 

|Flasma 

Cells 

JP2S ' 

i 

kgm. 

1 

ptr cent ] 

grams i 
Per , 
100 cc. 

mgm. 
Per 1 
100 cc. ' 

percent’ 
age of 
celt 

volume 

liters 

liters 

liters 

cc. 

cc. 

cc. 

February 17 

68 

85 

4.1 

*248 ' 

40 ! 

3.70 

2.22 

1.48 

59. 2| 

38.5 

23.7 

March 3 

60 

75 

5.0 


32 

4.63' 

3,151 

1.48' 

74.11 

50.4 

23.7 

May 17 

69 

80 

4.2 

186 

32 

4.12 

2.80 

1.32 

65.9' 

44.8 

21.1 


contained large quantities of albumin, casts, and red cells. The red cell count 
was 4.1 million, the nonprotein nitrogen 42 mgm., total protein 4.7 grams per 
100 cc. with inverted albumin-globulin ratio of 0.30 to 0.70. The cholesterol was 
360 mgm. per 100 cc. 

She was readmitted on a number of occasions owing to the return of the an- 
asarca; and, although she improved temporarily each time, her progress was 
steadily down-bill. At the final admission, ten months after she was first seen, 
her nonprotein nitrogen had risen to over 100 mgm. per 100 cc. and she died in 
uremia. 

On the first determination, when there was considerable edema, the 
blood volume was below normal. With the disappearance of the 
edema the plasma volume rose markedly to a value above normal, the 
ceU volume remaining unchanged. On returning to the hospital the 



«“nd time Kith m ' 

^ “ "'^n what it (lie 

.io'" . 

^asarca. nephrit/s ' \V}^:. 

^^eUing ^^Ptember 

one .-ear K.._ ' 


‘~»i~=:s;:fs*5r;S£a 

'^•S grama 


Case 


«/ . ^ ^‘-lan ,va 

.^!^^olumes in ff..^ <s 


‘'"rT'n^ssi 


"”"Sr"“' 


hm. 


^Sm, 


^ Sratns 

I . 

f JOOcc, 


P^f cent I 


liters 


cc. 


ce. 


cc. 


l-JZUf -^'-' 2.51 o n: ~ 38.5 23 7 

■logJt . md a « . a ve^ i„„ „„ 'Wow bhod 

The hgures rn ft, ^^^^^ssioisr 

tit S^elslfn ^S't^heTat 'heTi^ 

”8 regaining cases com. 



597 


R. L. ■WATEKPrei-’^ 


volume was less 
L limit or near 


• tVie plasma volm 

definitely reduce , anemi greatest anemi ■ 

Se lower limit of ;^,,eed in the * ;Ltion was made 

also reduced, bemo than a ^ ^ respect of tb 

la the four cases markedly, “mic cases it seemed as 

the blood volume ared. In the anem ^hnimshed 

SSSs^sBtrrr.:- 

intol. that *= »»»““ ” J.a.ent 

in the individual pa ^ plasma volume v^ould seem 

Thus iu cases 2^ ^ ^ edema had disappe while 

rr:Jr.rs^ 

that cases “^^vTiral in 

respect of whole Z extent as in edematous 

tion with our obse ^ to the same "f get in the plasma 

plasma volume - that when lowered ceU 

patients without anejm compen ate 1 level, 

volume may tise^^_^ tilood vol^e ^.g^^^^ees between 

volume and to explain some difference m the 

the opinion that there IS 



598 


~ "J-LUMF t\- 

of the dye diffn. ■ ' 

“‘='- than an 

a case unmn^^i- ^ ^ ^f the 

“f theSa^: ''Oinn.e is no^a, 

--teir.L™77t./7r7tro’' 

-- a. . ; ce„ “ :ttarc 

'• ««=h, J., 2^^, , 7UOGWPHY 

f^d., 1924, XX.X1V, 99J Vh’ " and 9n, 

eem “tL“ 'vi!i 

i^rote/n Con- 



599 


• 1S2. 

„ a -, T Biochem. ^.f dergwvimetiis*® 

5.Rus.nyak S..^ndEjoy^.^^^ Bl.tes n- 

G., A^f 

”■ °;”i,.-o; "iS^Tp^.. ^ ““ 

’■ TS" * i"“ "‘ '“““ ■" .,. „ .. «»*»» 

Blood in Man. jological Edema o Volume. 




EFFECT OF ACIDOSIS AND ALKALOSIS UPON CAPACITY 
FOR WORK 


By H. DENNIG/ J. H/TALBOTT, H. T. EDWARDS and D. B. DILL 
{From the Fatigue Laboratory, Morgan Hall, Harvard University, Boston) 

(Received for publication September 16, 1930) 

The composition of arterial blood in exercise varies with the intensity 
of the exertion. In moderate work, percentage saturation of hemo- 
globin, alkaline reserve and hydrogen ion concentration remain con- 
stant or nearly so while the proportion of hemoglobin in blood and of 
protein in serum increase from 5 to 10 per cent. When exercise is 
carried on to exhaustion there is little or no further increase in con- 
centration of blood proteins but lactic add concentration may increase 
to 11 m.Eq. per liter and carbonic acid capacity* may decrease in 
nearly reciprocal fashion. There may be a decrease in arterial pH» 
of 0.3 which means a liberation of base bound by protein. Work 
cannot be continued if lactic acid concentration much exceeds 10 m.Eq. 
per liter of blood. 

In circulatory diseases the description cannot be given in such pre- 
dse fashion. The capacity for oxygen transport to the tissues is 
diminished, the composition of the blood in rest is variable, and it 
has been suggested by Eppinger and his associates and by Pilcher, 
Clark and Harrison (1930) that the buffering power of the blood and 
tissues is diminished in congestive heart failure. 

In view of the complications associated with exercising a sick man 
we have established acidosis in a normal man (H. D.) by ammonium 
chloride administration and have studied his performance while normal 
while in acidosis and while in the alkalosis subsequent to withdrawing 
ammonium chloride. The composition of urine and the respiratory 
changes in rest have been described by Dennig, Dill and Talbott (1929). 

' Privatdocent in the Medical Clinic, Heidelberg. 

*The e.Ypression carbonic acid capacity denotes the carbonic acid content of 
oxygenated blood equilibrated at 37.5® with CO 2 at a partial pressure of 40 mm. 
This quantity is also referred to as T<o. 
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TABLE 1 


Observations on Ciiiiilibratcd blood 


Experi- 

ment 

number 

Date 

Condition 

HbO: 

capacity 

pCOi 

Toul COj 

Caku- 

Uted 




fer liter 



liler scrum 

pH, 

1 

May 28 

Acidosis, 








Rest 

9Ai 

41.6 

17.9 

20.7 

7.28 





74.8 

22.5 

25.7 

7.11 



Work 

9,64 

30,8 

11.5 

13,6 

7,22 





68.0 

17.4 

19.8* 

7.02 

2 

June 6 

Alkalosis, 








Rest 

7.76 

43.6 

25.9 

31.2 

7.45 





74.9 

31.5 

37.2' 

7.28 



Work 

8.70 

43.2 

23.2 

28.4 

7.41 





74.4 

28.4 

34.0* 

7.24 

3 

June 22 

Normal, 








Rest 

9.02 

36.3 

19.9 

24.5 

7.42 


i 



72.2 

26.4 

31.4* 

7.22 



Work 

9.56 

33.9 

17.8 

21.8 

7.40 





70.1 : 

24.7 

29.1* 

7,20 

4 

! September 27 

1* Normal, 







[ 

1 

Rest 

9.06 

46.7 

22.6 

26.5 

1 7.34 





79.2 

27.5 

31.7* 

7.18 



Work 

: 10.50 

39.4 

16.6 

' 20.2 

7.29 





98.2 

25.3 

29.4* 

7.04 

5 

September 29 

Acidosis, 








Rest 

10.05 

26.9 

9.68 

11.3 

7.20 





59.9 

15.1 

17.1* 

7.02 



Work 

10.80 

31.1 

8.74 

9.84 

7.07 





68.8 

14.2 

15.5* 

6.90 

6 

October 1 

Alkalosis, 








Rest 

7.86 

29.6 

22.5 

27.9 

7.57 





61.5 

29.7 

35.6* 

7.33 



Work 

8.75 

34.4 

20.1 

24.2 

7.44 





70.2 

26.7 j 

31.2* 

7.23 


* The indicated v^alues were not determined experimentally but were calculated from 
the line charts developed by Van Slyke and Sendroy (1923). 
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The essential observations on oxygenated blood equilibrated with 
carbon dioxide are given in chronological order in table 1. It will 
be noted that two sets of experiments were carried out with an inter- 
vening period of about three months. The details with regard to 
diet and ammonium chloride intake in the former set of experiments 
will be found in the paper referred to above; in the second set of ex- 
periments the same diet was followed and 15 grams of ammonium 
chloride were taken on two days only, September 27 and 28. After 
the acidosis experiment on the 29th and again on the 30th, 10 grams of 
sodium bicarbonate were taken. The resulting alkalosis was so severe 
that slight tetanic cramps were experienced the night of September 
30-October 1. These had disappeared by the time the alkalosis 
experiment was begun on October 1. 

The exercise in the first set of experiments consisted in running at the 
rate of 7.4 km. per hour for 15 minutes. The subject had had little 
experience on the treadmill at this time and his performances were 
not skillful. During September he had 12 practice runs at 9.3 km. per 
hour and succeeded finally in running at this speed with a fairly con- 
stant day-to-day performance and with about the same oxygen con- 
sumption as at the slower rate. On the basis of these experiments, 
but particularly on the last set with the subject in better training and 
running at a faster speed, it is possible to make an estimate of the 
effects of acidosis and of alkalosis upon the performance of a given 
task. 

The lactic acid which accumulates during exhausting work can be 
neutralized by three mechanisms working together.^ The simplest is 
by the reaction 

BHCOi Lactic acid B (lactate) -h HjCOj 

In order that this mechanism may function it is necessary for the lung 
to put out carbonic acid faster than it is produced by oxidative proc- 
esses, and this in fact is what occurs, the result being an apparent 
increase in respiratory quotient. It is physiologically impossible to 
increase alveolar ventilation enough In the extreme acidosis of exhaus- 

*The possible buffering effect of phosphocreatine has been neglected in the 
absence of evidence that hydrolysis of this substance is quantitatively important 
in normal muscular activity. 
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. . ^ . HoCOs 

tion to mamtam the ratio — — at its resting level and the result 

UJnLCUj 

is that, although the reaction of arterial blood in moderate work may 
be the same as during rest, in exhaustion there is always an increase 


TABLE ’ 


Bitjfer value calculaiions 


Experiment 

number 

Condition 

aBHCOj 

Protein 

~ aBHCOj X 10* 
(apH) (protein) 


1 

Acidosis, 

Rest 

m,Eq. per 
liter blood 

3.6 

grams per 
liter blood 

199 


m.Eij. per 
liter blood 

17.6 


Work 

4.S 

207 

■■ 

13.1 

2 

Alkalosis, 

Rest 


180 

H 

25,2 


Work 

4.3 1 

193 


22.5 

3 

Normal, 

Rest 

5.5 

198 

139 

20.7 


Work 

5.9 

206 

143 

19.1 

4 

Normal, 

Rest 

4.0 

198 

126 

1 21.5 


Work 

7.0 

220 

127 

16.6 

5 

Acidosis, 

Rest 

4.5 

213 

117 

12.1 


Work 

4.4 

224 

115 

10.2 

6 

Alkalosis, 

Rest 

6.1 

181 

140 

25.2 


Work 

5.6 

194 

137 

21.2 


* The expression carbonic acid capacity denotes the carbonic acid content of oxygenated 
blood equilibrated at 37.5° with CO2 at a partial pressure of 40 mm. This quantity is 
also referred to as T40. 


in acidity. This brings into action the third mechanism, by means 
of which base bound by protein is set free to neutralize lactic acid: 

BP + Lactic acid — ♦ B (lactate) + HP 

To what extent are these mechanisms modified by the conditions 
in our experiments? Assuming that parallel changes take place in 
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blood and in muscles insofar as the principal anions are concerned, it 
is possible to estimate the effect of variation in carbonic acid capacity 
upon the buffer value of the protein-bicarbonate system. For this 



TOTAL CO 2 AT Pco2= 40riM. Hg 
Fig. 1 

purpose the calculations shown in table 2 have been made. Column 
3 has been derived in an obvious manner from the observations on 
equilibrated blood given in the preceding table and from the solubility 
determinations for carbon dioxide in serum and cells made by Van 
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Slyke, Sendroy, Hastings and Neill (1928) . A measure of buffer valuo 
of blood as defined by Van Slyke may be obtained by dividing ABHCO3 
by values for ilpH, derived from table 1. These butler values are 
related in a linear fashion to blood protein concentration and in order 
to eliminate this variable the buffer values per unit of blood protein 
have been calculated as appears in column Sd 

It is now possible to determine the relation between buffer value 
and carbonic acid capacity. The last column in this table gives the 
total carbonic acid content of each specimen of blood at a carbonic 
acid pressure of 40 mm. Figure 1 illustrates the relation between the 
variables total carbonic acid at pCO« = 40 mm. and bitjfcr value per 
unit of blood protein. The points show considerable fluctuation partly 
due, no doubt, to experimental errors and perhaps also to failure to 
take into account other variables. (Thus comparison is made over 
the physiological range but not over the same range in pH,.) 

An equation showing the straight line trend of these points has been 
derived according to the Pearson formula, 

y = Rx — RXm + ym 

in which ;v'm = mean value of a- 
y„, = mean value of y 
== »(S.-cy) - S.rSy 
nZx- - (lixr- 

n = number of observations 

If y = buffer value and ;v = carbonic acid capacity, one derives an 
equation in which the experimental errors are assumed to lie principally 
in the determination of y and of course this assumption is correct, for 
X can be determined precisely. The resulting relationship is 

Buffer value = 2,1 (carbonic acid capacity) + 89 

The solid line shown on figure 1 corresponds to this equation. The 
fact that the regression coefficient of this equation is 2.1 ±0.57 indi- 
cates that the slope is only roughly defined. 

There is an error involved in this calculation in the assumption that serum 
protein and hemoglobin have the same buffer value per unit weight but for our 
present purposes this error is negh'gible. 
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It is interesting to see to what extent these results are in accord 
with the empirical description of carbonic add dissociation curves 
given by Henderson and associates (1 930). To make such a comparison 
we have prepared table 3. This shows for each experiment the ob- 
served ACO 2 (60-30) and the values for the same variable as estimated 
from figure 3 of the paper just referred to. The last column is derived 
as indicated and is a measure of the change in buffer value of blood 
proteins with T^o as implied by this empirical chart. The mean value 
of R is 1.00 but the positive and negative errors are so distributed 

TABLE 3 


Bii fer values from (he empirical description of COz curves {Soiderson ei a/.) 


Tjo 

ACOi{8MS> 

-ABHCO»Xl0» 1 
(apH) (protein) ^ R 

Experimenta/ 

Calculated 

^ Experimental 
Calculated 

nt.P.q, Per (iter 

m.Eq. per Hler 

per liter | 



17.6 

4.9 

5.50 

0.89 ! 

119 

13.1 

5.0 

j 5.09 

0.98 

118 

25.2 

6.5 

5.96 

1.09 

141 

22.5 

6.0 

1 6.00 

! 1.00 

131 

20,7 

6.1 

! 5.87 

! 1.04 

134 

19.1 

; 6.1 

5.87 

1.04 

137 

21.5 

5.7 

6.00 

0.95 

133 

16.6 

5.5 

5.82 

0.95 

134 

12.1 

4.7 

4.90 

0.96 

122 

10.2 

4.4 

4.57 

0.99 

116 

25.2 

6.4 

6.00 

1.07 

131 

21.2 

6.0 

5.83 

1.03 

133 


that when one calculates the trend of these points as before the equa- 
tion comes out 

Buffer value =1.4 (carbonic acid capacity) -4-102 

The broken line in the figure corresponds to this equation. It appears, 
from our experimental observations, that when the carbonic acid 
capacity is reduced by one-half the buffer value of blood proteins 
is reduced by one-sixth. On the basis of the Henderson chart the 
reduction is one-ninth. 

The empirical chart just referred to is based wholly on experimental 
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obseiA'ations on blood in this laboratory’’. A similar chart was pre- 
pared from previous knowledge of the properties of the components 
of the system (fig. 5 in the same paper). One of the assmnptions 
was expressed by the relation developed by Van Slyke 

BHbO: = 3.6 Hb (pH« - 6.41) 

We find that it is now necessary in order to express the facts more 
accurately to use the equation 

BHbOj = Hb (9.75 pH, - 0.5 (pH,)= + n) 

While there must remain some doubt regarding the magnitude of 
this effect, its reality is obvious. It was in fact suggested by Dill, 
Bock, Lawrence, Talbott and Henderson (1929). Figure 8 in that 
paper shows blood bicarbonate as a function of pH, in various bloods. 
No account was taken of variation in protein concentration and hence 
the slopes of the different curves are variable on that account as well 
as on account of variation in carbonic acid capacity. However, there 
is no question about the change in slope with pH, in diabetic coma. 
A tangent is drawn to the curve of T. F. B. in the physiological range. 
Its slope is very different from that in normal blood. The buffer 
value calculated as above, taking into account blood protein concen- 
tration, comes out as 30, one-fourth of the normal value. 

It was pointed out in that paper that such a result should not have 
been wholly unexpected. Thus if one extrapolates the straight line 
corresponding to horse blood, as determined by Van Slyke, it intersects 
the line (BHCO3) 6 = 0 at a pH, value of 7.94. This does not happen 
in normal blood, indicating again that as one reaches low values of 
(BHCO3) b buffer value decreases. 

There remains the question of hydrogen ion concentration in its 
relation to breathing and the liberation of base from protein. The 
observations on oxy’’gen consumption and on ventilation are given in 
table 4. Samples of alveolar air were obtained and from the carbon 
dio-xide pressure in these samples and the carbonic acid dissociation 
curves described in table 1 it was possible to derive the values for pH 
of arterial serum and for total COj content of arterial blood which are 
shown in table 4. The same table contains the values for lactate 
content of blood. 
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The values for oxygen consumption in work given in this table show 
greater variation from day to day than that observed in an athlete 
performing a fixed task. This may be in part related to the physical 
condition of the runner. On certain days, particularly on May 28, 
September 29, and October 1, the subject was in some distress before 
work began and hence ran with less perfect nervous coordination than 

TABLE 4 


Respiratory changes and composition of arterial blood 



Experi- 
ment 1 

Expeii- 
ment 2 

Experi- 
ment J 

Experi- 
ment 4 

Experi- 
ment 5 

Experi- 
ment 6 


Actda- 

sb 

Alka- ' 
loris : 

Nor- 

mal 

Nor- 

mal 

Acido- 

sis 

Alka- 

losis 

Oxygen used, liters per minute: 

Work 

2.69 

1.96 

2.19 

2.36 

2.75 

2.52 

Ventilation, liters per minute: j 

Rest i 

6.4 : 

4.8 

5.4 

5.4 

8.5 : 

5.6 

Work ! 

82 : 

46 

54 

48 

80 

51 

Work-^ Rest. 

13 

10 

10 

9 

9 

9 

pH,: 







Rest 

7.38 

7.46 

7.39 

7.41 

7.21 

7.47 

Work 

7.25 

7.43 

7.38 

7.30 


7.39 

A 

“0.13 

“0.03 

“O.Ol 

“0.11 

“0.12 

“0.08 

(Total C02)6, juMq. per liter: 







Rest 

15.6 

25.7 

20.6 

21.2 

1 9.6 

25.2 

Work 

10.8 

23.0 

18.2 

16.5 

! 8.1 

i 21.3 

A 

“4.8 

“2.7 1 

“2.4 

“4.7 

j-l.S 

“3.9 

(Lactate) per titer: 






I 

Rest 

0.9 

0.8 

0.9 

1,3 

0.7 

1.4 

Work 

4.6 

3.2 

2.5 

5.0 

: 2.7 

1 4.5 

A 

-f3.7 

+2.4 

+1.6 

+3.7 

+2.0 

1+3.1 


at other times. Some such explanation is more probable than one 
involving difference in intrinsic processes. 

The limiting value for total ventilation in non-athletic subjects 
usually lies between 75 and 100 liters per minute and it is probable that 
the subject had reached his maximum rate on May 28 and September 
29. The alveolar carbon dioxide pressure in work on September 29 
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was 28 mm. and this probably can be taken as near the physiological 
limit for, in this case, the pH of arterial serum was 7.09 and that of 
venous serum must have been about 6.95. These reactions are even 
more acid than those usually found in diabetic coma. 


TABLE 5 

Limiting values for J'iq aud aricrial pFIt in normal men 


Subject 

Exercise 

Lactic acid 


pH of aricrial 
sermn* 

J- w 

Rowing 

mEq, per liUr 

9.8 i 

m.Eq. per liter 

12.1 

7.11 

J. R 

Rowing 

11.0 

10.4 

7.02 

M. H 

Running 

1 9.6 

13.5 

7.16 

J. H. T. 

Running 

: 8.4 

12.7 

7,14 iO.0-1 

A. V. B 

Running 

9.4 

11.7 

7,08 ri:0.04 

D. B. D 

Running 

10.5 

13,2 

! 7,14 


* The values for pH of arterial serum were calculated from the dissociation curve of 
true plasma of oxygenated blood and from the carbon dioxide pressure of samples of 
alveolar air> assuming that such samples represent air in complete equilibrium with 
arterial blood. 


TABLE 6 

Effect of acidosis and alkalosis on capacity of blood for neulralizlng lactic acid 



Experi- 
ment 1 

Experi- 
ment 2 

Experi- 
ment 3 

Experi- 
ment 4 

Experi- 
ment 5 

Experi- 
ment 6 


Acidosis 

Alkalosis 

Normal 

Normal 

Acido- 

sis 

Alkalosis 

Total CO2, arterial blood in rest, 
m,Eq. per liter 

15.6 

25.7 , 

20.6 

21.2 

9.6 

25.2 

Maximum ABHCOj of arterial blood 
from rest to exhaustion, in.Eq. per 
liter 

-7.5 

-17.6 

■ 

-13.1 

-1.5 

-17.1 

pH of arterial serum, rest 

7.38 

7.46 


7.41 

7.21 

7.47 

Maximum ApH of arterial serum, rest 
to exhaustion 

-0.29 

* -0.37 

-0.30 

' -0.32 

-0.12 

-0.38 

ABP due to such a change in pH, 
m,Eq. per liter 

-7.1 

-9.1 

-7.6 

-8.7 

-3.0 


Acid neutralizing capacity, — 
(ABHCO3 + ABP), m,Eq. per liter. 

+14.6 

+26.7 

+20.1 

+21.8 

+4.5 



In various unpublished observations we have indirect evidence that 
the reaction reached in this e.xperiment is near the limit for man 
starting from a normal state. Table 5 is a summary of si.x e.xperiments 
in which men started from a normal state and pushed themselves to 
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exhaustion with lactic acid concentrations of 9 to 11 m.Eq. per liter. 
Two subjects were oarsmen in good training and there was not a 
striking difference between the composition of their blood in exhaustion 
and that of the four untrained subjects. No experiments with a sub- 
ject starting from a state of alkalosis have been carried out aside from 
the two on H. D. However, since the limiting values for pH and car- 
bonic acid capacity reached during exhausting work are of the same order 
of magnitude whether one starts from a normal state or from a state 
of acidosis, it appears probable that the same is true starting from a 
state of alkalosis. We shall make this assumption tentatively and 
proceed to calculate the amount of acid which could have been neu- 
tralized per liter of blood between the observed values of pH, and of 
carbonic acid content in rest and the assumed limiting values in ex- 
haustion, viz., pH, = 7.09 and total carbonic acid content of arterial 
blood = 8.1 m.Eq. per liter. The calcuations by which table 6 is 
derived are made by a simple application of the data in the figure 
(solid line) and in tables 1, 2 and 4. The calculation in the first ex- 
periment may be shown for illustration : 


Total COj of arterial blood in rest, m.Eq. Per liter 15.6 

Minimum COj of arterial blood in exhaustion, m.Eq. per liter 8.1 

A Total CO; of arterial blood rest to exhaustion, m.Ej. per liter —7.5 

pH of arterial scrum, rest 7.38 

Minimum pH of arterial serum, exhaustion 7.09 

ApH, rest to work —0.29 

Blood protein in work, grams per liter 207 

Carbonic acid capacity in rest, m.Eq. per liter 17.6 

Carbonic acid capacity in exhaustion, m.Eq, per liter 10.2 

Mean carbonic acid capacity in work, m.Eq. per liter 13.9 

Co rresponding p ro tein b uffer value 0.119 

ABP = (Buffer value) (ApH,) (Protein), m.Eq. per liter —7.1 

Acid neutralizing capacity = — (ABHCiOj -}- ABP), m.Eq. per liter. . . 14.6 


It is necessary to emphasize that the neutralizing capacities shown 
in table 6 are for blood and that it is probable that the capacity of 
tissues, per unit weight, for neutralizing acid is less than that of blood. 
Thus the results of Fean (1928) indicate that muscle has a flatter dis- 
sociation curve and a lower carbonic acid capacity than blood. How- 
ever, it is quite probable that acidosis and alkalosis have parallel 
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effects on blood and on tissues. Taking the maximum neutralizing 
capacity of normal blood in rest as 100, the other values are as fellows': 

Acidosis Alkalosis 

June 6 (nearly compensated) 70 June 22 127 

September 29 21 October 1 126 

There is conclusive evidence that the capacity for o.xygen debt is 
decreased when work is undertaken in ammonium chloride acidosis. 
On September 29, the subject was unable to run longer than 15 minutes 
although his lactic acid concentration was only 2 m.Eq. per liter of 
blood. In other e.xperiments he ran for 18 or 20 minutes, sometimes 
with much more lactic acid, and yet with less distress at the finish. 

It appears from table 6 that a runner starting off in alkalosis can 
pile up a greater o.xygen debt than when in his normal state. The 
work was not severe enough to give this hypothesis a rigid test but the 
problem has interesting possibilities and may be investigated further 
at a later time. 

There is an ambiguity of considerable importance which awaits 
further investigation. The observed increases in lactic acid in Dennig’s 
second acidosis e.xperiment and in the sLx e.xperiments summarized in 
table 5 are very much less than the estimated acid neutralizing capac- 
ities. There are no complete observations on the acid-base equi- 
librium in such a state of e.xhaustion and it would be unprofitable to 
seek for an explanation without such information. 

There are obvious connections between these results and those ob- 
tained in heart disease. Clearly the capacity to accumulate an oxygen 
debt decreases with carbonic acid capacity because the amount of 
bicarbonate available for neutralizing lactic acid is decreased and at 
the same time the buffer value of proteins decreases with decrease in 
carbonic acid capacity. In heart disease there may be some additional 
modification of muscle proteins in respect to their buffer value as 
suggested by Pilcher, Clark and Harrison, but our studies contribute 
nothing to this queston. They have found evidence of some such 
change only when edema is present and it is possible that the phenomena 
they have observed are related in some way to modification of dif- 
fusion processes in the tissues by increase in intracellular fluid. 
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SUMMARY 

A Study has been made of the effects of muscular activity on prop- 
erties of the blood in three states: (1) normal; (2) acidotic due to 
aimnomum chloride intake and ( 3 ) in a state of alkalosis subsequent 
to ammonium chloride intake. 

The buffer value of blood proteins is reduced one-ninth or more with 
a decrease of one-half in carbonic acid capacity. Due to this effect 
as well as to decrease in carbonic acid capacity, the ability to neutralize 
lactic acid and hence to accumulate an oxygen debt is greatly curtailed 
when one begins exercise in a state of acidosis. Inferentially, the ability 
to accumulate an oxygen debt is increased by establishing a state of 
alkalosis before beginning exercise. 
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VII. The Total Base and Protein Components op the Serum 
DURING Lobar Pneumonia with a ISIote on the Gastric 
Secretion 
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In previous papers (1) (2) (3), the variations in the composition of 
blood serum and some features of the metabolism of electrolytes dur- 
ing the course of lobar pneumonia have been described. Among the 
changes in the serum it was found that during the precritical period 
there is a decrease in total base concentration and a tendency to a 
decrease in protein concentration. This investigation has here been 
extended to include measurement of the separate components of the 
total base and protein of the serum. 

There is comparatively little available data as to the concentration 
of sodium, potassium, calcium, and magnesium in the serum during 
pneumonia. This is to be expected because of the lack of appropriate 
methods, since most of the earlier methods required large amounts of 
blood. Peabody (4) reviewed the early literature and studied the 
concentration of calcium and magnesium in the serum during the 
course of lobar pneumonia. He found that both tended to be slightly 
lower during the febrile period than in convalescence. The average 
of 6 magnesium analyses during the febrile period was 19 per cent lower 
than the average of 4 analyses made after the crisis. The average of 
7 measurements of calcium concentration during the febrile period 
was 10 per cent lower than the average of 4 measurements made after 
the crisis. 

Gerstenberger, Burhans, Smith, and Wetzel (5) studied the con- 
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centration of calcium and inorganic phosphorus in the blood of chil- 
dren suffering from pneumonia and found a reduction in both. Jan- 
sen (6) concluded that the calcium concentration is lowered during 
the precritical period and increased in the epicritical. 

There is a large literature on the e.xcretion of the various components 
of base in the urine during various fevers. The early literature was 
e.xtensively reviewed by Garratt (7). The essence of the findings is 
that there is a decreased urinary e.xcretion of sodium and calcium and 
an increased e.xcretion of potassium during the height of the fevers, 
not infrequently continuing after the fall in temperature. Peabody 
observed these changes in pneumonia and also found magnesium to be 
excreted normally or in excess. Recently (8) we have reported a 
lowered excretion of total fixed base in the urine during the precritical 
period associated with the lowered excretion of chloride. 

Attempts to explain the alteration in the concentration of the 
electrolytes during pneumonia have been made repeatedly but with 
doubtful success. In a recent contribution Binger, Christie, Davis, 
and Hiller (9) attacked the problem by measuring the serum chlorides 
in dogs, first, during experimental pneumococcus infection; second, 
during anoxemia; third, after tissue destruction; fourth, in anaphylac- 
tic shock; fifth, in experimental leucocytosis; and sixth, during fever. 
A significant decrease in serum chloride was found in all three animals 
infected by bronchial insufflation with the pneumococcus but in none 
of the other conditions studied. This study e.xcludes from the entire 
complex of mutually dependent processes in a pneumococcus infection 
many of the individual factors which might be considered in seeking 
an e.xplanation for the electrolyle disturbance. 

Geill (10) has recently reviewed the literature on the albumin and 
globulin concentrations in the serum under normal and pathological 
conditions. His review brings out the fact that globulin is increased 
at the expense of albumin in most infections. Limbeck and Pick (11) 
have shown that in acute infections an increase in globulin may occur 
even when there is a decrease in total nitrogen. 

In a series of five cases of pneumonia studied before and after the 
crisis Loeper, Ravier, and Lebert (12) have shown in each case a rise 
in globulin after the crisis. There was a 4 to 37 per cent increase in 
the ratio of globulin to total nitrogen in the serum after the crisis as 
compared with the serum before the crisis. 
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Our nonnal values tor potassium in serum are slightly lower than 
those generally given in the literature. They vary from 3.S to 4.3 m.M. 
per liter with an average of approximately 4.0 inM. per liter. The 
serum potassium was increased during the febrile period above our 
normal range in twelve out of eighteen measurements. This increase 
tended to persist after the crisis. Normally our potassium values 
represent from 2.4 to 2.9 equivalents per cent of the total base; in 
pneumonic sera, however, the percentage of potassium rose as high as 
4.2 per cent. 

In thirteen out of twenty calcium measurements made during the 
febrile period the calcium level was below the normal range. This 
invites consideration of the associated changes in serum protein. 
Csapo and Faubl (25) concluded that 1.89 and 3.89 m.Eq. of Ca were 
bound respectively to every 100 grams of globulin and albumin. In- 
asmuch as appro.ximately one half the serum Ca is bound by protein 
in the non-diffusible form, the tendency to lower calcium concentra- 
tions may have been explained in part by the decreased amount of 
albumin which is uncompensated in Ca binding power by the increased 
amount of globulin during the course of the disease, however, our 
measurements do not reveal consistent correlation of serum calcium 
with the fractions of serum protein. 

The magnesimn values showed throughout the period of the pneu- 
monic infection, a tendency to scatter about the normal range. 
Seven analyses w'ere below the lower normal limits, seventeen were 
within the normal limits, and six were above the upper limit. No 
particular rise was observed at the time of crisis. Stary and Winter- 
nitz (26) showed that there is a non-dialyzable fraction of Mg in 
serum averaging 28 per cent. Only a very small part of the fluctua- 
tion observed in magnesium can be attributed presumably to fluctua- 
tions in the serum protein. 

Note on gastric secretion during lobar pneumonia 

In the course of studies on the chloride metabolism in pneumonia, 
the absence of free HCl in the gastric contents of two of the patients 
was noted during the precritical period. We have studied this 
phenomenon in a series of fourteen gastric analyses on four patients 
during the course of the disease. Two of the patients (C13 and C14j 
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received no unusual treatment while the other two (C15 and Cl 6) re- 
ceived a salt mixture containing; KCl, 6 grams; NaHCOa, 5.9 grams; 
and MgCls, 1.2 gram; and approximately two liters of beverages con- 
taining 10 per cent glucose supplementing the diet each day until 
after the crisis. One half of the salt mixture when added to the 
ordinary food intake of the patient provides a mean normal salt ra- 
tion. The dilute alcohol test meal as described by Bloomfield and 

TABLE 3 


Gastric analyses 



Day ot 
disease 

Tempera- 

ture 

Maximal free 
acidity 

Maximal total 
acidity 



Maximal 

gastric 

cnloride 


Senim Cl 

number 

Without 

histamine 

. WitJi 
histamine 

Without 

histamine 

^ With 
histamine 

total base 



’F. 

per 

lifer 

m.Ey, 

liter 

m.Eq. per 
liter 

m.E<}, per 
lifer 

m.Eq, per 
lifer 

m.Eq. per 
liter 

m.Eq. per 
liter 

[ 

-7 

104 

3 


14 


104 


99 

C13 1 

-4 

104 

0 


7 


101 

145 

101 

0 

99 

0 

0 

19 

47 

112 

141 

100 

1 

+14 

98 

30 

33 

36 

42 

92 

146 

99 

f 

-4 

lOS 

0 


11 


99 

134 

97 

C14 1 

-1 ' 

102 1 

0 

42 

11 

68 

! 


95 

+3 ' 

99 ! 

9 

39 

40 

67 

123 1 

147 

96 

i 

+11 

98 

26 

30 

57 

SO 1 

109 I 

1 

144 ' 

1 

98 

f 

-3 

103 

19 

1 

26 


1 

104 1 

136 

86 

CIS ( 

0 

99 

37 

31 1 

51 1 

51 

121 1 

141 1 

91 

1 

+6 

98 

36 i 

76 1 

55 j 

76 1 

130 j 

142 

96 

f 


103 

0 1 

19 

1 

3 

35 

1 

79 

131 

92 

C16 i 

0 

100 

18 

34 

26 

42 

94 

134 

99 

1 

+7 

98 

49 


58 

S3 

95 

1 

1 98 

i 


Keefer (27) was used for the study of the gastric secretion. Speci- 
mens of gastric contents were taken at ten minute intervals for sixty 
minutes after which time the stomach was emptied and a solution of 
histamine (0.1 mgm. per 10 kgm. of body weight) was injected sub- 
cutaneously. Thereafter, the gastric contents were removed at ten 
minute intervals for thirty or forty minutes. The specimens were 
analyzed for free HCl and total acidity by fractional titration using 
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One may question first whether the changes observed in the cation 
concentrations in the serum are secondary to partial inanition and a 
lowered intake of salts. We have shown in previous studies that 
negative nitrogen balances are even higher in patients with pneumonia 
than in fasting subjects and that of the total cations ingested during 
the active infection in our patients, calcium alone is taken in a quantity 
similar to that found in an adequate daily ration of salt. From 
Morgulis’ (29) studies of the cation concentration in the serum during 
the early stages of fasting in dogs, and from Gamble, Ross, and Tis- 
dall’s (30) studies of the cation concentrations in the serum of fasting 
epileptic children, there would appear to be a constancy in the electro- 
lyte concentrations in the serum during inanition in contrast to the 
changes which we observed in pneumonia. It is possible that the 
more rapid catabolism of body tissue during the course of pneumonia 
than during inanition may be related to the change in electrolyte con- 
centration of the serum in pneumonia. 

Morgulis observed that when his fasting dogs progressed beyond a 
twenty per cent loss in weight, there was a decrease in the calcium 
concentration in the serum. He argues that the calcium bound by 
protein must be decreased since Csapo and Faubl estimate that ap- 
proximately twice as much calcium is bound by albumin as by globulin 
and from the literature there is an apparent increase in the globulin- 
albumin ratio during starvation. Furthermore, he contends if it be 
accepted that tetany is due to a decrease in the dialyzable calcium 
content in the serum, then this quantity must have remained above 
the tetany limit, since Morgulis’ animals showed no evidence of tetany. 
We believe that the fraction of calcium bound by protein in the serum 
of our patients may be diminished but, as already noted, our measure- 
ments do not reveal consistent correlation of the decrease in the con- 
centration of serum calcium with the decrease in the concentration of 
serum protein or of the albumin fraction of the serum protein. 

The disproportionate changes in the individual cation concentra- 
tions constitute evidence agtunst the view that the changes we report 
can be accounted for by simple dilution of the serum with water. 
That the phenomena observed, however, may be due partially to the 
administration of krge quantities of water deserves consideration. 
During the precritical period of pneumonia copious quantities of water 
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The albumin concentration in the serum was diminished not only 
during the period of active infection but also during convalescence. 
The globulin fraction was usually increased, so that the total protein 
tended to remain within the normal or lower normal limits. 

Base bound by protein was usually decreased during the febrile 
period. 

From studies of fourteen gastric analyses on four patients suffering 
with lobar pneumonia it was noted that: 

1. The gastric acidity tended to be lowered until after the crisis. 

2. When lowered it was generally increased by histamine stimula- 
tion. 

3. There was no apparent correlation of either total base or chloride 
of the serum with the gastric acidity. 

PROTOCOLS 

Case Cl (Number I474S). Colored, male, age 20, janitor. The patient was 
admitted with consolidation of the right lower lobe. He was dyspneic, cyanotic, 
and jaundiced. Sputum yielded a Type I pneumococcus. The highest leukocyte 
count occurred just before the crisis, and was 40,000. Blood Wassermann was 
positive. The patient gave a history of having had lobar pneumonia confined to 
the right lower lobe two years previously which was followed by an empyema. 
Convalescence was uneventful. 

Case C2 {Number 14860), Colored, male, age 23, laborer. The patient was 
admitted to the hospital with a lobar pneumonia confined to the left lower lobe. 
Respirations were quite labored and restricted over the left lower chest. A 
pericardial friction was audible over the precordium. The patient’s temperature 
fell by crisis on the eighth day of the disease. However, there were daily rises in 
temperature to 100° until after the eighteenth day of the disease. Leukocyte 
count varied from 9000 to 20,000. Sputum yielded a Type I pneumococcus. 
Blood Wassermann was positive. 

Case C3 {Number 153Z8), Irish, male, age 57, sailor. The patient entered the 
hospital with a history of exposure on shipboard followed by severe pain in the 
right chest of 5 days’ duration. Physical examination revealed a consolidation of 
the right lower lobe. Temperature fell by crisis on the eighth day of the disease. 
Highest leukocyte count was 24,000 with 80 per cent polymorphonuclears. Con- 
valescence was uneventful. 

Case C4 {Number 15085). Colored, male, age 30, cook. The patient had an 
upper right lobar pneumonia with a crisis on the fifth day of the disease. Group 
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Case CU, {Number 15663). Hebrew, female, age 15, student. The patient 
on admission was pros ta ted, cyanotic, and had consolidation of the right lung. 
She developed pulmonary edema in twenty-four hours after admission and died. 
Leukocyte count on admission was 5,000. 

Case C12, {Number 15862). Colored, male, age 28, laborer. Patient was ad- 
mitted to the hospital in a critical condition, apneic, perspiring profusely, and 
comatose. Percussion note over right chest was impaired, over which area rhonchi 
were audible. Leukocytes ranged from 18,000 to 19,000. Sputum contained 
Group IV pneumococci. Wassermann was strongly positive. The patient 
died on what was regarded as the ninth day of his disease. 

Case C13, {Number PJ52). Colored, male, age 23, laborer. The patient en- 
tered on the fourth day of the disease and showed evidence of consolidation of the 
right lower lobe. The crisis occurred on the twelfth day of the disease. Highest 
leukocyte count occurred at the time of crisis and was 27,000. Sputum yielded 
Group IV pneumococci. Convalescence was uneventful. 

Case C14 {Number 9393). 'White, male, age 30, laborer. The study was begun 
on the sixth day of the disease. The patient had a right upper and lower lobar 
pneumonia. The urine contained a cloud of albumin and granular casts during 
the febrile period. Crisis occurred on the ninth day of the disease. A Type II 
pneumococcus was recovered from sputum. Convalescence was protracted for 
four weeks. 

Case C15, {Number 9750). White, male, age 31, chauffeur. The patient was 
brought into the hospital in a delirious state. He had been sick at home complain- 
ing of severe pain in left chest, coughing, hemoptysis and high fever for six days 
previous to admission. Physical examination revealed consolidation of left lower 
lobe and congestion of right lower lobe. On the seventh day after admission, 
temperature and pulse fell by crisis and the patient made an uneventful recovery. 
Sputum yielded both Group IV pneumococci and influenza bacilli. Leukocytes 
ranged from 9,600 to 18,000. 

Case C16, {Number 10025). Colored, male, age 25, laborer. The patient 
entered the hospital with evidences of incomplete consolidation in both lower lobes 
and complete consolidation in the right upper lobe. Crisis occurred on the sev- 
enth day of the disease. No pneumococci were isolated from the sputum. Con- 
valescence was uneventful. Wassermann and Kahn reactions were strongly 
positive. 
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Previous communications have demonstrated the advantages of 
inhalation of ethyl iodide in treating certain diseases (1, 2). Two 
hundred patients with epidermophytosis, tinea capitis, tinea favosa, 
monilia infections, cryptococcosis epidermica, blastomycosis and 
other mycotic infections have been treated by means of inhalations of 
ethyl iodide. Many of these patients, treated for a period of years 
with unsatisfactory results by the methods hitherto available, have 
shown striking improvement and even complete recovery. No reports 
of the therapeutic use of ethyl iodide by other investigators were avail- 
able in the literature. The purpose of the present investigation was 
to study the elimination of ethyl iodide after inhalation in order to 
establish the optimum dosage and frequency of treatment, and to gain 
knowledge concerning the mechanism of its action. 

AMOUNT OF ETHYL IODIDE RETAINED IN BODY AT THE END OF INHALA- 
TION PERIOD 

The first object of the study was to measure the amount of ethyl 
iodide remaining in the body at the termination of the inhalation of 
the ethyl iodide vapor. 

The ethyl iodide^ was weighed, or was measured by means of a 

' This investigation was aided by a grant from the DeLamar ^Mobile Research 
Fund of Harvard University. 

^ Ail ethyl iodide used in this investigation was obtained by repurification of 
Merck’s ethyl iodide according to directions given by Fisher (11). Ethyl iodide 
which has been properly prepared is colorless, has a specific gravity of 1.94 at 
IS^C, a boiling point of 72,2®C. and is phosphorus-free. It should be stored in a 
brown bottle. The addition of a globule of mercury will keep the product colorless. 
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Fig. L Dugr^ui of .^Vpp.velvtus Used ix tiie Lwestigatiox 
The inspired air is drawn through test tube A containing the ethyl iodide. The 
concentration of ethyl iodide in the inspired air can be varied by altering the degree 
to which the straight glass tube projects into the test tube. Rebreathing is pre- 
vented by the use of flutter valves B, B, The expired air passes through outlet 
tube F. For clinical purposes a simpler, more practical apparatus has been 
devised. 



Fig. 2. The RstAnos Beto'eex the Respir.vtory R.vte asd the Phrcextace 
OF Ethyl Iodide Retailed wuius the Body at the liiiiEOLVTE Cox- 

CLUSIOX OF THE IXILILATIOX PERIOD 
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United States Bureau of Standards pipette. The desired amount was 
transferred to a test tube (A, fig. 1). The apparatus was constructed 
to permit partial saturation of the inspiratory current of air 'with 
ethyl iodide vapor. The two way flutter valve system B (fig. 1) 


TABLE 1 

A mount of ethyl iodide retained in body at end of inhalation period 


Measure* 

ment 

number 

Subject 

Date 

1 Dura- 
1 tion of 

1 Inhala- 
tion 

Respir- 
1 story 
minute 
volume 

Respi- 

rations 

per 

minute 

Amount 

of 

ethyl 1 
iodide 
inhaled ' 

1 

Amount 

exhaled 

during 

period 

inhala- 

tion 

Amount 
retained 
at end 
of 

treatment 

Per cent 
of total 
retained 
at end 
of treat- 
ment 

1 

S. B. 

1930 

January 23 

ttiinulcs 

1 10 

10.2 

21 

Srams 

1.94 

grams 

1.12 

trams 

0.82 

per cent 

42.2 

2 

S. B. 

January 27 

26 

9.0 

23 

1.93 

1.06 

0.87 

45.1 

3 

S. B. 

January 30 

39 

8.5 

23 

1 3.64 

1.96 

1.68 

46.1 

4 

S. B. 

February 4 

38 

8.7 

21 

5.76 

3.14 , 

2.62 

45.5 

5 

M. K. 

February 4 

35 

S.S 


3.82 

2.14 

1.68 

44.0 

6 

H. C. 

' February 6 

20 

10.6 

1 28 

1 1.94 

1 

' 1.08 1 

0,86 

44.3 

7 

H. C. 

February 10 

30 

11.3 

28 

1 3.68 

2.08 1 

1.60 

43.5 

8 

H. C. 

February 13 i 

33 1 

9.8 

25 


2.60 ’ 

2.40 1 

48.0 

9 

E. R. 1 

February 3 ! 

32 1 

1 

9.0 

26 

4.96 

2.58 

2.38 

48.0 

10 

R.A. 

January 31 ' 

25 i 

11.9 

17 

4.10 


2.10 

51.3 

11 ' 

j 

J. E. 

January 31 

40 

7.4 

13 

5.44 


3.06 

56.3 

12 

M. G. 

January 24 

25 

7.2 

10 

3.88 


2.3l' 

59.6 

13 , 

M. a 

January 27 

43 

7.8 

IS 

3.30 

1.40 

1.90 

i 57.6 

14 

H. D. 

January 29 

26 

10.8 

17 

5,82 

1 2.38 

1 

3.44 

59,2 

IS 

ai. V. 

February 14 

17 

8.0 

14 

1.94 

' 0.72 

1.22 

62.9 

16 

M. V. 

February 18 

22 

6.2 

9 

1.94 

' 0.73 

1.21 

62.4 

17 

M. V. 

February 24 

47 

6.3 

9 

5.82 

' 2.17 

3.65 

1 

62.8 

18 

C. V. 

IMarch 14 

60 

5.5 

5 

5.82 

1.81 

’ 4.01 

69.0 


communicated directly with a Tissot spirometer of four hundred 
liter capacity in which the total amount of expired air was collected 
and measured. The inside of the spirometer was coated with red 
lead. Gas samples of 250 cc. were taken from the spirometer and the 
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ethyl iodide content measured according to the method of Starr and 
Gamble (3). We have been able by this method to recover known 
amounts of ethyl iodide with a high degree of accuracy. The total 
amount of exhaled ethyl iodide could then be calculated. The differ- 
ence between the amount of ethyl iodide volatilized in the inspired 
air and the amount e.xhaled represented the amount remaining within 
the body at the immediate conclusion of a treatment. 

The results of eighteen measurements in ten different subjects are 
shown in table,!. The amount of ethyl iodide inhaled varied from 
1.93 to 5.82 grams. In different individuals, the percentage of ethyl 
iodide retained in the body varied from 42.2 to 69.0 per cent of that 
inhaled; but, in a given individual, the percentage retained in suc- 
cessive experiments was remarkably constant, regardless of the 
amount inhaled. In subject S. B., for example, 1.93 to 5.76 grams 
of ethyl iodide were inhaled but the percentage retained varied only 
from 42.2 to 46.1 per cent. The percentage of ethyl iodide retained 
was not affected by the length of time taken for inhalation (table 1). 
The percentage retained depended to a large extent, however, on the 
respiratory rate; the lower the respiratory rate, the greater the per- 
centage retention (fig. 2). With lower respiratory rates more time 
is probably available for effective absorption of ethyl iodide by the 
blood of the alveolar capillaries. In subjects with normal respiratory 
rates, the average retention of ethyl iodide in the body at the con- 
clusion of treatment was 55 per cent of the total amount inhaled. 

THE .-VMOUNT OF ETHYL IODIDE E.KHVLED .AETER END OF INILVLATION 

PERIOD 

Besides the ethyl iodide exhaled during treatment, additional 
amounts were e.xhaled after treatment. To study this latter factor 
the following method was used. Ethyl iodide was administered 
according to the procedure described above e.xcept that the outlet 
tube F (fig. 1) was led to the air outside the laboratory to prevent 
reinhalation of the ethyl iodide e.xhaled during the treatment. As 
soon as all the ethyl iodide in test tube (.4) (fig. 1) had been vaporized, 
the test tube was removed and the e.xpired air collected in a lissot 
spirometer at appropriate intervals for five or ten minute periods. 
The total volume of e.xpired air during each period was measured. 
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and samples of 250 to 1000 cc. were taken and analyzed. From these 
data, the total amount of ethyl iodide exhaled during any given “ 
period of time as well as the average number of milligrams of ethyl 
iodide exhaled per minute could be calculated. By means of these 
results curves of excretion were plotted (fig. 3). The final portions 
of the curves (dotted line) of excretion were estimated since the con- 
centration of ethyl iodide became too small to be measured. 

Indirect evidence in regard to the approximate accuracy of the 
terminal portions of the curves was obtained by analysis of samples 
of alveolar air. The concentration of ethyl iodide in the alveolar 



Fig. 3. The Rate at Which Ethyl Iodide is Given Oee in the Expired Aik 
Folioiitng Treatment 

air would be higher than that of the total expired air inasmuch as the 
expired air collected in the usual manner represents alveolar air diluted 
by air of the dead space. The absence of ethyl iodide in the alveolar 
air collected after the projected portion of the curve had reached zero 
would be confirmatory evidence of the accuracy of this part of the 
graph. Ninety to 120 minutes after the conclusion of treatment, 
samples were obtained by collecting the air of successive forced ex- 
pirations until a total of one liter was obtained. Four analyses in 
two subjects showed no detectable amounts of ethyl iodide. 

The total amount of ethyl iodide exhaled could, therefore, be cal- 
culated by integrating the area under the curve. Thirteen series of 
measurements were made in eight subjects (table 2). The length of 
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HOiJRS AFTER ENO OF TREATMENT 

Fig. 4, Excretion per Hour of Iodide in the Urine after Subject (M. A.) 
Had Inhaled 3.88 Grams EiHYt Iodide 



HOURS AFTER AOHINISTRATION 

Fig. 5. Excretion per Hour of Iodide in the Urine after Subject (C. V,) 
Received 2.24 Gr^uis of Potassiuxi Iodide by jMouth 
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of each specimen being recorded. From these data the hourly excre- 
tion of iodide was calculated. The iodide excreted in the urine 
after ethyl iodide inhalation was compared with that following 
the administration of similar doses of potassium iodide by mouth. 
The method used for measuring the iodide' in the urine was substan- 



Fig. 8 . Excretion of Iodide in Urine after Various Doses of Ethyl Iodide 
Had Been Given to Subject (jVI. V.) 

The effect of urinary volume on excretion was studied by doubling the fluid 
intake after the second dose of 1.94 grams of ethyl iodide had been taken. The 
two curves of excretion closely correspond. 


tially that of BoUiger (8). Charcoal was substituted for Lloyd^s 
reagent. The oxidizing reagent consisted of a ten per cent solution 
of sodium nitrite in concentrated sulphuric acid. Standards were 
made containing 0.5 to 6.0 mgm. of iodine in 25 cc. of CCh. Small 
test tubes of uniform diameter were employed in the colorimetric 
comparison of the standard and unknown solutions. 
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Figures 4, 5, 6, 7 and S show the hourly excretion of iodide in the 
urines of five subjects after the administration of various amounts of 
ethyl iodide by inhalation and of potassium iodide by mouth. The 
curves of iodide excretion after ethyl iodide and potassium iodide are 
of the same general type,' the rate and duration of excretion being 
strikingly similar. 



Fig. 9. The Av-eilige R.we of Iodide Excretio.v Expressed as Pekce.ntage 
OF THE Total Excreted lv the Urlve 


Curves showing the percentage excretion during successive 12-hour 
periods following treatment varied but slightly in all subjects regard- 
less of the dosage. The average rate of iodide excretion e.xpressed as 
the percentage of the total e.xcreted in the urine is shown in figure 9. 

In a giv'en patient, urinary excretion of iodide ceased after approxi- 
mately the same time interval regardless of the amount of ethyl 
iodide inhaled (table 3). The duration of excretion was not altered 
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appreciably by doubling the fluid intake (solid and dotted lines, 
figure 8) . That the volume of urine did not affect the rate of excretion 


TABLE 3 

Measurements of excretion of iodide in urine 


■fl 

p 

n 

c 

1 

1 

Subject 

Date 

A 

B 

c 

D 

E 

F 

G 

Time after inhalation 
when no trace of iodide U 
can be detected in urine 

1 

1 

. 3^ 

' e-s 

1 < 

AJnount of ethyl iodide 
ictained during inhala- 
tion 

Amount of ethyl iodide 
not excreted by lungs 
(calculated! 

Iodide equivalent of ethyl 
iodide not excreted by 
lungs 

'St 

1 
•o ^ 1 

! 

o a 

u ^ 
tl o 1 

iJ-S 1 

“IX i 

owp 1 
UlS -J- 

Time after inhalation when 
jralc of Urinary iodide 
excretion becomes less 
than 0.5 mgm. per hour 



' JOJO 

grams 

grams 

grams 

grams 

grams 

per cent 

haurs 

j iauri 

1 

S. B. 

January 27 

1.93 

0.87 

0.52 

0.42 

0.32 

76 

>50 


2 

S. B. 

1 January 30 

3M 

1.68 

1.33 

1.08 

0.58 

54 

65 

113 

3 

S. B. 

February 10 

5.82 

2.64 

2.29 

i 1.86 

1.35 

73 

67 

114 

4 

S. B. 

February 19 

S.67 

2.58 

2.23 

1 1,81 

1.23 

68 

1 72 

124 

5 

H. a 

February 6 

1.94 

0.86 

0.51 

1 0.41 

0.35 

1 85 

>4i 

71 

6 

H. C. 

February 10 

3.68 , 

1.60 

1.25 

1.02 

0.59 

58 

1 53 

>77 

H 

H. C. 

February 13 

5.00 

2.44 ; 

2.09 

1.70 

0.7S 


1 73 

1 

109 

B 

M. V, 

February 14 

1.94 

1.22 

0.87 

0.71 

0.45 

64: 

‘ 45 

94 

WM 

M. V. 

February 18 

1.94 ' 

1.21 ' 

0.86 

0.70 

0.51 

73 

' 40 

71 

10 

M. V. 

April 3 

3,88 ' 

2.43 ' 

2,08 

1.69 

1.02 

61 

51 

80 

u 

U, V. 

February 24 

5.82 ' 

3.65 ! 

3.30 

i 2.68 

1 1.71 

i W 

52 

95 


TABLE 4 

Percentage excretion of iodide in urine after administration of potassium iodide 


1 

Measurement 1 
number | 

1 

1 

Subject 

Amount 

potassium iodide | 
administered 
by mouth 1 

. . _ 1 

Iodide 

equivalent 

Amount , 
iodide excreted 
in urine | 

Urinary iodide 
excretion 
calculated 
as percentage of 
intake 

1 


groras 

grams 

grams 

per cent 

1 1 

H. C. 

1.31 

1.00 

0.64 

64 

2 

C. V. 

2.24 

1.71 

1.42 

i 83 

3 1 

S. B. 

2.72 

1 2. OS 

1.64 

i 79 


was also shown by the fact that S. B. continued to excrete iodide in 
the urine for a somewhat greater length of time than H. C. or M. V. 
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(table 3) although the urinary volume of the latter subjects was 
approximately one-half as great. 

The total amounts of iodide e.xcreted in the urine of three pa- 
tients after doses of potassium iodide by mouth are given in tabled. 
Of the total iodide ingested an average of 75 per cent was excreted by 
the kidneys. These results are in accord with observations of others 
(5, 6, 7, etc.). The remainder of the iodide, according to these in- 
vestigators, is excreted by the intestines, the skin, and in the sputum. 
Of the total amount of ethyl iodide not eliminated by the lungs, an 
average of 68 per cent (table 3) is excreted by the kidneys as iodide. 
It is reasonable to conclude that the remainder of the iodide is e.x- 
creted in the same manner as mentioned above. Excluding the ethyl 


IS^O SXCRITXO IN FCCCS,PlRSPtAATlON.$PUTUM,ITC. 


)l9t> CXCRCTCO IN URtNC. 


CZHAICO FOLtOWINQ TRCATMINT. 


IXNALSD DUPtNQ TAIATMINT 


Fig, 10. Dl\gr^uim.\tic Representatio.v of the Fate of Etuyi. Iodide 

Originally Lntlvled 

iodide given off by the lungs, our results indicate the similarity in the 
excretion of iodides, whether administered originally as the organic 
compound, ethyl iodide; or as an inorganic salt, potassium iodide. 

In brief, one may conclude that after LO to 3.0 cc. of ethyl iodide are 
inhaled, an average of 45 per cent is immediately exhaled during Irealmcnt, 
9 per cent is exhaled during the first 2 hours after treatment and 31 per 
cent is excreted by the kidneys. This accounts for 85 per cent of the 
total dose given, the other 15 per cent being excreted in all probability 
by the intestines, skin, and in the sputum (fig. 10). 

DlSCVSSiOS 

Frequency and amount of dosage. The action of a drug depends in 
large part on its concentration \rithin the body. It is consequently 
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desirable to maintain a high level of concentration of the drug in the 
body by administering sufficient amounts at appropriate intervals to 
offset excretion of the substance. Elimination of ethyl iodide takes 
place through the lungs, the kidneys, the gastro-intestinal tract, and in 
the sputum. The results of the present investigation demonstrate 
that a total of 54 per cent of the inhaled ethyl iodide is exhaled during 
treatment and within the first few hours immediately following treat- 
ment. Measurements of the elimination of iodide in the urine after 
inhalation of ethyl iodide offer important evidence regarding the 
amount remaining within the body since 68 per cent of the ethyl 
iodide not exhaled during and immediately - following treatment, is 
excreted as iodide in the urine (table 3). The rate of excretion 
is greatest immediately following treatment and decreases rapidly. 
Approximately 85 per cent of the total urinary iodide is excreted 
within the first 24 hours and approximately 97 per cent is excreted 
by the end of 48 hours. This indicates that daily repetition of 
the dosage is desirable to maintain a high level of iodide within 
the body; tliat is to say, a given dose repeated daily will maintain a 
higher level of concentration than twice that dose given every other 
day. It should be noted, however, that since 15 per cent or more 
remains within the body, daily repetition will lead to accumulation 
and, ultimately to toxic effects. To prevent such an occurrence, the 
daily dosage could be reduced on each successive day, but practically, 
the same purpose may be achieved by omitting treatment every third 
or fourth day. Eorty-eight hours will then elapse between two treat- 
ments, an interval of time sufficiently great to permit almost complete 
elimination of the accumulated iodide. The amount of the daily 
dosage of ethyl iodide must depend largely on the therapeutic results 
and the absence of toxic effects as observed clinically. Clinical ex- 
perience up to the present indicates that daily doses of 4 grams are 
efficacious but further experience is necessary to establish this more 
precisely. Future communications will give further information 
regarding this point. 

Influence of fluid and food intake on excretion of iodide. The water 
intake during treatment need not be regulated since the excretion of 
iodide seems to be independent of the fluid ingested (fig. 8). The 
influence of diet was not studied since the iodide content of food is so 
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small that the effect may be considered unimportant for these pur- 
poses. It is probable, that in the presence of toxicity, increased 
amounts of sodium chloride in the diet will facilitate e.xcretion. 

Contrabidications to the use of ethyl iodide. Impaired e.xcretory 
function of the kidney will probably favor retention of iodide and the 
appearance of toxic effects. We have therefore been particularly 
careful to avoid treating subjects with evidence of nephritis. The 
urine of all subjects was examined previous to and following treatment 
in order to e.xclude any possible untoward effects on kidney function. 
No evidence of renal irritation was observed. Ethyl iodide was not 
administered to any patients with symptoms or signs of thyroto.xicosis. 

Mechanism of action of ethyl iodide. The use of ethyl iodide was 
originally suggested because it is an unstable compound wliich can 
be absorbed directly into the arterial circulation and so reach the 
peripheral tissues in high concentration. Ethyl iodide is only slightly 
soluble in water so that intravenous administration would be in- 
advisable. If given intravenously a part of the ethyl iodide would, 
moreover, be given off immediately by the lungs before it reached the 
arterial blood. The investigations of Henderson and Haggard (9), 
and of Starr and Gamble (10) indicate that more than three- 
quarters of inhaled ethyl iodide is immediately hydrolyzed in the 
arterial and capillary blood before it reaches the veins. Some of 
the ethyl iodide, however, passes into the tissues during inhalation 
and accumulates there in increasing amounts, as shown by the 
fact that, after ethyl iodide inhalation is discontinued, venous 
concentration of ethyl iodide e.xceeds arterial concentration. The 
e.xact changes that occur in the peripheral blood are still obscure. 
Minute amounts of free iodine may conceivably be liberated. We 
have taken blood from patients before and after treatment to learn 
whether the grow’th of fungi was less in the latter blood but no sig- 
nificant difference was noted. It is of interest to note that a to.xic 
rash which appeared in a few patients receiving repeated large doses 
of ethyl iodide was first observed in the diseased areas rather than 
according to the conventional distribution, dhe fact that ethyl 
iodide is a lipoid solvent may also e.xplain in part its striking thera- 
peutic efficacy. 

Investigations are planned to study the value of ethyl iodide in other 
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diseases and the advantages to be obtained from quantitative inhala- 
tion therapy. 

SUMMARY AND CONCLUSIONS 

1. The fate of ethyl iodide in the body has been studied after the 
inhalation of amounts found strikingly effective in treating more than 
200 patients with certain skin diseases. 

2. The results of this investigation offer a rational basis for deter- 
mining the optimum dosage and the frequency of treatment. 

3. After 1.0 to 3.0 cc. of ethyl iodide are introduced into the inspired 
air, an average of 45 per cent is immediately exhaled during the period 
of treatment, an average of 9 per cent is e.xhaled during the first two 
hours after treatment and 31 per cent is excreted by the kidneys. 
This accounts for 85 per cent of the total dose given, the other 15 
per cent being excreted in all probability by the intestines, skin, 
and in the sputum. 

4. Of the ethyl iodide excreted as iodide in the urine, approximately 
85 per cent is excreted within the first 24 hours and approximately 
97 per cent is excreted by the end of 48 hours. 

5. The results indicate that daily repetition of the treatment is 
desirable to maintain a high level of iodide within the body. 

6. To avoid accumulation of the drug and possible toxic effects, 
treatment should be omitted every third or fourth day. 

7. Within the range of therapeutic dosage, the percentage of ethyl 
iodide retained in the body is independent of the size of the dose, of 
the length of time taken for inhalation and of the fluid intake and 
output. 

8. The mechanism of action of ethyl iodide and J;he contraindica- 
tions to its use are discussed. 

We are indebted to Miss Mary Vastine for technical assistance. 
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NORMAL STANDARDS OF GASTRIC FUNCTION 

Bv W. SCOTT POLLAND and ARTHUR L. BLOOJ^IFIELD 
(Prom ihe Deparlmnl of Medicbie, Stanford University i,[cdic(d School j San Francisco) 

(Received for publication July IS, 1930) 

The establishment of normal standards of gastric function is a 
prerequisite to the recognition of abnormal conditions. Such stand- 
ards have heretofore been inadequate, with the result that studies of 
stomach secretion have fallen into disfavor in the clinic. As we 
pointed out in a previous paper (1), a test of function must be based 
on certain general criteria : (1) the test must be applied under standard 
conditions, (2) it must impose a load on the function under considera- 
tion, (3) it must be capable of identical repetition and (4) it must 
actually yield information which experience shows to be useful. 
Reasons why the gastric test-meals in ordinary use are unsatisfactory 
were also exposed (1), and it was pointed out that measurement of the 
volume and acidity of the pure gastric juice, after stimulation by 
histamine, constituted the most fruitful clinical procedure at present 
available for studying the secretory function of the stomach. The 
technique of the method was described, and it was shown that if the 
total gastric juice is collected over successive ten-minute periods after 
stimulation, the greatest quantity is usually produced in the twenty to 
thirty minute period, and the acidity usually reaches a maximum 
at this time (2). These two values, therefore, the greatest ten- 
minute secretory volume and the highest acidity attained, make up 
the essential elements in an assay of the secretory capability of a 
given stomach under definite conditions. 

Determination of these factors in an adequate series of normal people 
would furnish data with which deviations in disease might properly 
be compared and from which useful conclusions could be drawn. 
Some years ago an attempt was made to set up standards along these 
lines on the basis of data obtained by alcohol test meals (3,4). While 
useful information was obtained there were, as a result of the inade- 
quacy of alcohol as a stimulus to gastric secretion, some errors which 
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have since been recognized; in brief, a good many ‘‘normal” people 
who failed to secrete acid have since been shown to be capable of 
doing so by the application of histamine. Hence the erroneous con- 
clusion was drawn that gastric acidity is much lower in the old than 
in the young, a finding which the present observations have modified. 
The conclusion that, on the whole, vohmie of secretion lessens con- 
siderably with age is however sustained, as will be pointed out below. 

MATERIAL 

The selection of the normal people, who were to serve as subjects 
for the derivation of standards, immediately presented a serious 
problem. It seemed proper that the selection should be made before 
the test was carried out, and we promptly encountered the difficulty 
of finding people who had always been entirely free of digestive symp- 
toms. However, such a series was assembled and the tests were 
carried out; but despite the absence of any historical or physical evi- 
dence of gastric disorder, it became evident, on the basis of the secre- 
tory studies, that some of the subjects did not possess normal stomachs. 
This was especially so of certain individuals who failed to secrete 
acid, or secreted it only in minimal amounts, after histamine stimula- 
tion. The exact significance of such findings is not clear, but in view 
of the presumption that an organic lesion of the mucosa must exist in 
these cases they \vere arbitrarily discarded from the series. This 
subject will be discussed in another paper. In brief, then, people 
who had no digestive symptoms, and who secreted a juice with free 
hydrochloric acid of over 10 were considered normal. It also seemed 
undesirable to base the standards on findings in any highly selected 
group such as medical students, ivith whom one could not fairly com- 
pare the miscellaneous run of people of all ages seen in medical prac- 
tice. We used, therefore, hospital patients provided the above speci- 
fications were fulfilled and provided there was no acute, febrile or 
cachectic condition or any disorder which presumably might disturb 
gastric function such as cardiac decompensation. 

METHODS 

The test procedure has already been outlined (1, 2). Briefly, a 
small tube was introduced into the stomach under fasting basal con- 
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ditions. After the fasting juice had been withdrawn 0.1 mgm. of his- 
tamine (ergamine) per 10 kgm. of body weight was injected hypo- 
dermically. The total secretions were then aspirated over successive 
ten-minute periods until the flow of juice subsided to the basal level 
(usually one hour). The greatest ten-minute volume of secretion 



CmvRT 1. Highest Ten-Minute Secretory Volume in Each Case (cc.) 

Plotted Against Age of Subject 

and the highest titratable acidity attained were considered indices of 
stomach function, and they furnish the data which are herewith 
reported. 

RESULTS 

Volume of secretion. In chart 1 each dot represents the greatest 
ten-minute volume of gastric secretion, after histamine stimulation, 
in a different person. The wide variations are striking, and make it 
evident that no very narrow standards of normality can be set up. 
However, as shown by the distribution curve^ (chart 2), about one- 

^ No attempt has been made to subject the material to accurate mathematical 
analysis. It is evident, however, that the distribution of secretory volumes 
approaches a normal curve whereas the distribution curve of acidity is skewed 
(chart 5). 
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half of the determinations fell v/ithin the limits of 21 to 35 cc. We 
have made no attempt to correlate the findings with any special habi- 
tus or type of person, except in so far as age has been considered, and 
a further inspection of chart 1 shows that most of the larger volumes 
are found in young people whereas the smaller vokunes are mainly 
from those over fifty years of age. If one averages the secretory 
volumes for the various decades, the fact that less gastric juice is 



Chart 2 Chart 3 

ClLA-RT 2. HisTOGR-MX AXD SMOOTHED CURVE OF DiSTRIBUTIO.V OF \'OLUME OF 

Secretion in Entire Groce 

Chart 3. Aver.vge ^Lvximum Ten-Minute Secretory Volume 
in V.arious Decades 

secreted with advancing age becomes quite evident. The figures 
are graphically shown in chart 3. The e.xplanation of this fact is 
still in doubt: whether there is a “physiological” deterioration of 
function, as people grow older, or whether the lessened secretion is 
the reflection of multiple focal injuries over a period of years, v/hereby 
secreting cells here and there have been damaged, can not be stated. 
The solution of the problem awaits histological study of stomachs 
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Chart 4 Chart 5 

Chart 4. Highest Titratable (Total) Acid in each Case Plotted Against 
Age of Subject 

Chart 5, Histograh and Smoothed Curve of Distribution of Acidity in 
Entire Group 



YEARS 


Chart 6 



CiLiRT 6. Average Maximum Acidity in Various Decades 
Chart 7. Percentage Decrease in Volihie and Acid ^yITH Advancing 
Years 
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lose function has been tested during life, and it is obviously tliiii- 
It to obtain the necessary material where healthy people are con- 
rned. 


ACIDITY 

In chart 4 the highest titratablc acidity in each subject is shown, 
ire, as with volume of secretion, considerable variation is evident, 



ART 8. Chart for Making Clintcal Report of Acidity and Volume of 

Gastric Secretion’ 

From a statistical standpoint it would be preferable to have a series of vertical 
is representing sigma or probable error, but in view of the small number of cases 
each class this was not attempted. It should also bv noted that 'ivc have no 
ervaiion in the age periods bdoio IS years and that the average lines arc therefore 
bahly inaccurate for these periods. The chart should be used only to record oh- 
valions made on adults. 

t the distribution curve (chart 5) is of different form. The fre- 
ency of the lower values gradually rises to be followed by a rapid 
:rease above 90 to a peak, in the vicinity of 135, after which there is 
abrupt descent; three fourths of the values lie above 100. There 
e\*idently an upper level of concentration of acid in the vicinity of 
3, which the normal stomach is incapable of surpassing, but under 
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STUDIES ON THE PHYSIOLOGY OF THE PARATHYROID 
GLANDS 


II. The Relation of the Serum Calcium to the Serum: Phos- 
phorus AT Dieferent Levels of Parathyroid Activity.^ 

Bv FUELER ALBRIGHT, WALTER BAUER, JESSIE REED COCKRILL and 
READ ELLSWORTH 

(From the Medical Clinics of the Johns Bopkins Hospital, Baltimore, and the Massachusetts 
General Hospital, Boston) 

(Received for publication September 9, 1930) 

In 1922 Howland and Kramer (1) emphasized the fact that the 
deposition of calcium in the bones depends not alone on the calcium 
level in the blood, nor alone on the phosphorus level in the blood, but 
on the levels of both calcium and phosphorus. They refrained from 
any long physical-chemical discussion of ion products, etc., but con- 
tented themselves with multiplying the serum calciumdn milligrams by 
the serum phosphorus in milligrams and arriving at the very useful 
clinical fact that, when this product was below 30 in young children or 
young rats, active rickets was present. When the product was above 
40, rickets was either absent or healing had set in. Shipley, Kramer, 
and Howland (2) showed that when the product of Ca X P is 35 
calcification is obtained in vitro, not only when the calcium is 10 mgm., 
and the phosphorus is 3.5 mgm., but also when the calcium is 5 mgm,, 
and the phosphorus is 7 mgm. The original clinical observation of 
Howland and Kramer has stimulated many attempts from the labora- 
tory to elucidate the physical-chemical laws which govern the calcium 
and phosphorus levels in the blood and the precipitation of these 
elements in the bone. Although much progress has been made, the 
subject is not as yet entirely clear. We believe that a return to the 
analysis of clinical data may throw further light on this subject. In 
this paper an analysis is made of the inter-relation of serum calcium 

I The first publication of this series is 8 in the bibliography. 
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EXPERIMENTAL 

Part I 

We will first investigate the relation of serum calcium to serum 
phosphorus at various degrees of hypoparathyroidism. The data 

TABLE I 

Data on patient idiopathic hypoparathyroidism showing effect of parathormone medication 

on sernm calcium and serum phosphorus 


Day of 
experiment 

Period of day' 

I Serum 

Units of 
parathormone 

Ca 

P 

Ca XP 





mgM. per 100 cc. 

tngm. per 100 cc. 



2 

2 

5.0 

10.7 

53.5 


4 

1 , 

5.3 

10.6 

56.2 


4 

2 ; 

5.3 

10.4 

55.1 


4 

^ i 

5.2 

10.9 

56.7 


6 

1 

5.4 

10.9 

58.9 

50 

6 

2 

6.2 

9.5 

53.9 


6 

3 ‘ 

6.7 

8.8 

59.0 


7 

1 

7.1 

8.4 

59.6 

50 

7 

2 

8.5 

7.8 1 

65.9 


S 

1 

9.4 ! 

7.0 1 

65.8 1 

50 

8 

3 

9.8 1 

6.6 

64,7 1 


9 

1 

9,8 1 

6.0 

58.8 

50 

9 

2 

10.5 

5.4 

56.7 


9 

3 

11.2 

5.7 

63.8 


10 

1 

10.1 

5.7 

1 57.6 

i 

10 

2 

9.3 

5.9 

i 54.9 


10 

3 

1 8.8 

6.5 

57.2 


11 

1 

1 7.8 

i 7.0 

54.6 


11 

2 

1 7.8 

i 7.6 

59.3 


12 

2 

1 7.0 

i 8.6 

60.2 


13 

1 

i 7.0 

1 8.8 

61.6 


14 

1 

1 7.1 

8.7 

61.8 


35 

1 

1 7.7 

8.7 

67.0 


16 

1 

i 7.3 

8.8 

64.2 


18 

1 

7.7 

8.6 

66.2 


20 

1 

7.5 

8.8 

66.0 


21 

1 

7.4 

8.6 

63.6 


22 

1 

7.4 

8.7 

64.4 



60.4 





* The days were divided into 3 eight-hour periods. 
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(tabic 1) consist of the 28 simultaneous seriun calcium and scrum phos- 
phorus determinations taken in a boy with idiopatliic hypoparathy- 
roidism while the scrum calcium was first being raised to normal by 
parathormone’ and was later being allowed to fall as a result of cessa- 
tion of parathormone medication (Albright and Kllsworth (S) - experi- 



.-i- JO Uruio Parotncrrr.one Doy^ 


CiLVKT 1. Effect of PAR.\TiioiaioxE .^VoiUMSTRATiox to a Patient with 
Idiopathic H^topar-vtiiyroidism on Serum Ca, Serum P, and 
Product of Ca X P 

meat 1). In chart 1 these data are given in graphic form. It will be 
noted that, as the serum calcium rises and falls, the serum phosphorus 
falls and rises. Further, it will be seen that the changes in the serum 
calcium and phosphorus are such that the product of Ca X P neither 
rises nor falls, but merely fluctuates about the base line. In other 

* Preparation of parathyroid extract introduced by Collip ( 7 ) and supplied by 
Eli Lilly Company. 
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words the product of Ca X P tends to remain about constant. We 
have constructed chart 2 to show better what such a constancy implies. 
The curve in chart 2 shows to what degree the serum phosphorus must 
tail as the serum calcium rises if the average calcium phosphorus prod- 
uct (60.4) is to be maintained. The curve is a rectangular hyperbola, 
the general formula for which is xy ~ C. The practical importance 



of the nature of the curve is that at low levels of calcium there must 
be a greater change in phosphorus for a given change in calcium than 
at high levels of calcium if the product is to remain constant. This 
has little significance with the figures now under consideration, but 
becomes important at the higher levels of calcium (v. infra). In 
chart 2 it ^vill be noted that the individual determinations of serum 
caldum and sermn phosphorus vary surprisingly little from such a 
theoretical curve. 




SERUM CvVLCIUM AND PHOSPHORUS 




TAtiLE : 


Dy^dfrom e/t'icT/i csscniidly paticKts \:‘ho rcccii<d p^ifKii/u'fnKor.c ^z^:dJro^>t 

patients hypjpjriUhyroidisvi :;7;j received ihyroid viediciiihn sh^Kcin^ 
eyed of mcdlcdlhn on scrum colei urn and serum phosphorus 



[ 

Number of 

j 


Average 
Ca X F 


Greup 

[ of 

I scrum Ca 

tic ter mi* 
nati-.'ms in 

1 Average 
icrum Cn 

Average 
:^crum F 

Condition 


! 

group 


■IB 

product 



■ ■ 



mim. /■rr 




1 


IGOcc. 

ICO cc. 



1 

4 0-45 

9 

4.26 

7.19 

30.6 


2 

4 5- 5.0 

20 

4.79 

6.50 

31 . 1 


3 

5 0- 5.5 

17 

5.19 

6.42 



4 

5 5- 6.0 

19 

5.79 

5.76 



5 

6.0- 6.5 

19 

6.17 

5.54 

34.2 


6 

6.5- 7.0 

8 

6. 68 

5.60 

37.4 

1 2 eases paraUiyroid 

7 

7.0- 7.5 

10 

7.17 

5.61 

40.2 

tetany 

8 

/ . 5— S 0 

9 

7.69 

5.63 

43.3 


9 

8.0- S.5 

5 

8.28 

5.46 

45.2 


10 

S 5- 9.0 

7 

8.70 

5.18 

45.1 


11 

9.0- 9.5 

6 

9.41 

4. 78 

45.0 


12 

9.5-10 0 

4 

9.81 

4.61 

45,2 


13 

9.0-10 0 

13 

9.63 

3.28 

31.6 


1 

10.0-10.2 

12 


3.66 

36.9 


15 j 

10 2-10.4 

14 

10.28 

3.39 

34.8 


16 

10.4-10.6 

12 

10.47 

3.61 

33. 1 


17 

10. 6-10. S 

13 

10.66 

: 3.65 

38.9 


18 

10 S-II.O 

8 

10. SS 

: 3.47 

37.7 


19 

11.0-11-3 

12 

11.12 

3.43 

38.1 


20 

11.3-11.5 

11 

11.36 

3.28 

37.3 

11 eases receiving 
parathormone 

21 

22 

n. 5-12.0 

12.0-12.4 

15 

9 

11.75 

12.22 

3.10 

3.01 

36.4 

36.8 

23 

12.4-12.9 

9 

12.66 

2.79 

35.3 


24 

i 12 9-13.4 

5 

13.11 

2.40 

31.5 


25 

: 13.4-14.0 

3 

13.65 

3. 84 

52.4 


26 

14 0-15.0 

5 

14.4 

2.64 

38.0 


27 

15.0-16.0 

5 

15.52 

2. 87 

-14.5 


2S 

16 0-17.0 

3 

16.82 

4.03 

67, S 


Group A* 


3 

14.37 

2.15 

30.8 ^ 


Average of 13-24 




36. 1 



• This is a group of three determinations taken from groups 25 and 26 to shov/ that a 
fc*v pemts follow the cun*e as high as a serum calcium of 14.4. 
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The conclusion suggested from Part I is ; 

A, the serum calcium varies between the level in the hypoparathyroid 
state and that in the normal state^ or vice versa^ the phosphorus varies in 
such a way that the product of Ca X ^ rejuains about constant. 



Chart 3. Showng How Data from Tables 2 and 3 Fit Curve of Ca X P = 
36.1 AND Including (See Broken Lines) a Graphic Representation 
OF Correction Which a 1/10 of a pH Would Entail 

Part II 

We now turn to the data which deal with the relation of serum cal- 
cium to serum phosphorus at varying degrees of h3rperparathyroidism. 
(See lower half of table 2— groups 13-28.) The data consist of 149 
simultaneous determinations of serum calcium and phosphorus before, 
after, and during a parathormone administration to eleven essentially 
normal patients. The data are taken from the experiments reported 
by Albright, Bauer, Ropes, and Aub (9). The 149 blood determina- 
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lions have been arranged in order of increasing values of serum calcium 
and averaged by groups. The increment rise in calcium lor each group 
has been made to vary in order that enough points to be averaged fall 
within a.ny one increment. For each group the average values for 
the corresponding serum phosphorus and Ca X P product were also 
obtained. These data are shown graphically in chart 3 which is con- 
structed similarly to chart 2. It will be seen that as the calcium rises 
from 9.6 to 13.1 the phosphorus falls sufficiently so that the product of 
Ca X P again remains about constant. The fall in the phosphorus, 
while definite, is small and corresponds to the fact that the slope of 
the theoretical cur\'e is gradual at these liigher ranges of calcium. 
Beyond calcium levels of about 13.5, the phosphorus suddenly rises 
abruptly from the smooth curve suggesting that some secondary phe- 


TABLE 3 

Data from patient ‘u:ith hyperparathyroidism shoiLdng relation of serum calcium to serum 

phosphorus 




Xumber 



Average 
Ca XP 
product 


Group 

Ran^e of serum 
cildum 

of 

determi- 
nations in 

Average 
serum Ca 

Average 
scrum P 

Condition 



group 






mim, per 100 cc. 


' ' 

per 

IQO cc. 

mgm. per 
100 cc. 



1 

13.0-14,0 

11 

1 13.6 

2.5 

34.0 

Hyperparathyroidism 

2 

i 14.0-15.3 

12 

14.4 

2.25 

32.4 

Ilyperparaliiyroidism 


nomenon has entered in. Group A (see table 2 and chart 3) is a 
selected group of three determinations out of groups 26, 27, and 28, 
showing that a few bloods continue to follow the curve to a serum 
calcium level of 14 mgm. per 100 cc., suggesting that the critical {loint 
varies slightly in different individuals. This phenomenon of a sudden 
rise of the serum phosphorus at very high calcium levels will be dis- 
cussed below. 

In table 2 and chart 3 are recorded in a similar manner 133 blood 
determinations on two patients suffering from hypoparathyroidism 
(groups 1 to 12). Here we see much less correspondence with the 
theoretical curve. This is not surprising as many factors other than 
the degree of hypoparathyroidism were varied during the study. 
What some of these factors v.-ere, will be discussed below. 
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The conclusions suggested from Part II are; 

B. ^1^ the serum calcium mrics between the level in the normal state 
and that in the hyperparathyroid state j the phosphorus varies in such a 
way that the product of Ca X F remains about constant, except that, 


TABLE 4 

Data from patient luith postoperative hypoparathyroidism showing effect of parathormone 
medication on serum calcium and serum phosphorus 


Dale 1 

1 

Time 

Ca 

Scrum 

P 

1 

CaXP 

Parathormone 

Remarks 




mgin. 




mo 


1 Pff 

1 per 


units 




, 100 LC, 

100 cc. 





7 a.m. 

' 5.0 

10.0 

50.0 


These first nine de- 


10 a.m. 

1 5.1 

10.0 

51.0 


terminations were 


11 a.in. 

6.4 

9.5 

i 60.8 

i 100 

taken on the same 


12 noon 

5,9 

9.8 

; 57.2 

1 ’ 

day. The patient 

March 15 

1 p.m. 

5.9 

9.7 

56.8 


was fasting 


2 p.m. 

7.0 

8.3 

58.0 




3 p.m. 

7.1 

8,0 

' 57.0 

1 j 



4 p.m. 

6.6 

7.8 

51.2 




5 p.m. , 

7.1 , 

7.7 

55.0 



May 19 

8 a.m. 

8.9 

6.9 

61.4 


The last twelve de- 

May 22 

8 a.m. 

8.6 

7,3 

62.7 


terminations were 

May 26 

8 a.m. ' 

8.8 

6.8 

60.1 


taken white the 

May 27 

S a.m. 

8.4 

7.3 

61.3 

40 (daily) 

patient was receiv- 

lUay 28 

8 a.m. 

10.5 

4.9 

51.4 

40 (daily) 

ing a high calcium 

May 29 

8 a.m. 

10.9 

4.9 

53.4 

40 (daUy) 

diet 

May 31 

S a.m. 

10.2 

5.4 

55.4 

40 (daUy) 


June 2 

8 a.m. 

12.2 

5.3 

65.4 

40 (daUy) 


June 3 

8 a.m. 

11.2 

4.7 

53.1 

60 (daily) 


June 5 

8 a.m. 

11.8 , 

4.2 

50.2 

SO (daUy) 


June 6 

8 a.m- 

11.8 

4.0 

t7.7 

80 (daily) 


June 7 

8 a.m. 

11.6 

3.8 

44.5 1 

1 



Average, 

53.0 ' 




C. At very high levels of serum calcium resulting from hyperparathy- 
roidism, the serum phosphorus no longer falls but abruptly rises suggesting 
some secondary phenomenon. 

D. Whereas low serum calcium levels in hypoparathyroidism arc asso- 
ciated with much elevated serum phosphorus levels, high serum calcium 
values in hyperparathyroidism are associated, with only moderately 
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rcd.iCtd Strum piiospitorus vulucs, zL'hic/s :s in ritlirc (i^rt'cnit’iit 
nalurc of the cunc if Co X P is to be a conslaiiL 


xi-il/s the 


Purl III 

It is of interest to see what happens in hyperparathyroidism occur- 
ring pathologically rather than as a result of medication. In table 3 



are given the data from 23 blood determinations on the patient sulTer- 
ing from hj'perparathyroidism, reported by Bauer, Albright, and Aub 
(10). The values are represented in chart 3 by circles (q. v.). One 
sees that here again the values follow the theoretical cur\'e. 

Part IV 

In table i and chart 4 are given the data from a patient with post- 
operative parathyroid tetany who with parathormone medication teas 
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brought from the hypoparathyroid state through the normal state 
into the hyperparathyroid state. Whereas the other investigations 
recorded above were done on patients while on a low calcium diet, 
during the latter part of this study (see table 4) this patient was on a 
high calcium diet. Here, again, the product of Ca X P tended to 
remain constant, although there was some tendency for the phosphorus 
to fall relatively more than the calcium rose. If, as suggested by 
Albright and Ellsworth (8), parathormone acts by causing an increased 
excretion of phosphorus in the urine with a resulting lowering of* the 
blood phosphorus, one would expect parathormone to lower the 
product of Ca X P temporarily until equilibrium was reestablished. 
It was their belief that equilibrium was as a rule so rapidly established 
that this lowering of the product was seldom observed. However, in 
the latter part of the present experiment, such a lowering did occur. 

DISCUSSION 

Obviously from data such as ours only graphs, showing the effect 
of the parathyroid hormone on the relation of serum calcium to serum 
phosphorus in actual clinical cases, can be constructed and the general 
type of curve outlined, but no definite conclusions as to the exact type 
of curve can be made. For instance, several years ago when some of 
these data were first assembled, we were influenced by, the then recent 
work of Holt, LaMer, and Chown (11) in believing that the solubility 
product of tertiary calcium phosphate (CsiziFOi'jz) determines the 
amounts of calcium and phosphate in the blood. One had to assume 
that normally there was a marked but fairly constant degree of super^ 
saturation. The equation to be satisfied (or rather exceeded by a 
constant amount) was: 

[ca+]* X [por]’ K. 

By making the further assumption that all the blood calcium was 
ionized, one obtained the simpler equation: 

[Ca] X iPj* " Constant. 

We found as a matter of fact that such a curve is sufficiently similar 
to Ca X P = K. to fit our rough figures. One cannot escape the very 
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strong impression, however, thnt tlie genera! type ot curve is such as 
would occur if phosphorus were varying with calcium in order to 
satisfy some solubility product constant, —be this that of secondary 
calcium phosphate, that of tertiary calcium phosphate, or that of some 
more complex salt. It would follow as a corollary to this, as suggested 
in the introduction, that the states of hypo- and hyperparathyroidism 
are both associated with an approximately normal degree of saturation 
of the blood with calcium phosphate, the only abnormality being a 
variation in the proportion of the calcium to the phosphate. 

We have shown how our data tend to fit the curve Ca X P = K 
with the warning, again, that our data far from establish this curve. 
It may be more than coincidence that the same calcium phosphorus 
product which Plowland and Kramer from clinical studies found valu- 
able in determining whether or not rickets was healing we have found 
to fit the clinical findings in parathyroid dysfunctions. Wo are con- 
fronted with the question whether this product has any real signifi- 
cance or is merely a close approximation to some still obscure truth. 
We will not be able to answer this question, but a short survey of some 
of the pertinent facts may be helpful. 

The suggestion of Shear and Kramer (12) that calcium and phosphate are pre- 
cipitated as secondary’ calcium phosphate (CaHPO«) has much in its favor to attract 
attention. The marked degree of supersaturation of the blood which one had to 
assume on the basis that they were precipitated as tertiary calcium phosphate no 
longer e.xists. yiorcover, we are no longer de;ding with a reaction of the third 
order which would make the rapid fluctuations in calcium and phosphorus resulting 
from panithyroid cwtract diflicult to account for. When a solution is saturated 
with CallPO, 

[Ca-] X [HPOr] = Ksj, caHi'O, 

If all the calciunt in such a solution is in the form of calcium ions and all the phai- 
phate is in the form of ioniaable phospliale salts, the simpler equation also holds: 

Ca X P = Constant 

There is, however, ver>' strong evidence that at least all the adcium is not ionized. 
Thus v*c would have no justification in using this second formula unless v;c could 
show that tile error in so doing is constant- The con5i:xrxy of our calcium'Dlu*^ 
phorus fjroducts :n that case would not be eiTecled by a constant error. 

Whnt is the evidence for such an assumption? SaJvesen (13) f^jintcd out that 
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the amount of calcium in body fluids varies with the ammmt of protein. Cameron 
and hloorehouse (14) believed that the calcium of the spinal fluid, a practically 
protein free substance, represents the diffusible calcium of the plasma. It is not 
unlikely that tlie diffusible calcium and the ionizable calcium are approximately 
the same fractions. Shear, Washburn, and Kramer (15) (16) recently showed that, 
when protein free serum (“inorganic serum solution”) is shaken with CaHPOi, 
much less CaHPO< is taken up than when serum containing protein is used. It 
would seem, therefore, tliat the amount of unionized calcium is roughly or perhaps 
exactly proportional to the amount of serum protein (if the phosphate is kept 
constant). But it has been repeatedly shown in this laboratory (unpublished data) 
that the level of serum protein is not effected by the paratliyroid hormone. Since 
the unionized calcium is roughly proportional to the serum protein, it follows 
that tills also would be little effected by the parathyroid hormone. The situation 
with the phosphates is less clear. Whereas normally the spinal fluid calcium is 
about one-half the serum calcium, likewise normally the spinal fluid phosphorus 
is about one-half the serum phosphorus (17). This by itself would suggest that 
the protein of tlie serum inactivates some phosphates as well as some calcium. 

Furthermore, in hypoparathyroidism the difference between the serum calcium 
and the spinal fluid calcium diminishes, and the difference between the correspond- 
ing levels of phosphorus increases. These observations with respect to the relation 
of spinal fluid phosphorus to serum phosphorus have been under-emphasized in the 
literature. They strongly suggest that protein effects phosphates as W’ell as cal- 
cium in body fluids. The actual figures obtained in a case of idiopathic hypopara- 
thyroidism were as follows: with a serum calcium of 4.5 and a serum phosphorus 
of 6.2, there was a spinal fluid calcium of 4.5 and a spinal fluid phosphorus of 2.0; 
and later with a serum calcium of 6.7 and serum phosphorus of 4.4 there was a 
spinal fluid calcium of 4.7 and a spinal fluid phosphorus of 1.8. It would appear 
that in hypoparathyroidism the inactivated calcium decreases and that the inac- 
tivated phosphorus increases. Their product may be constant. In that case we 
would be dealing with a constant error due to inactivation of calcium ions and 
phosphate ions by proteins. One obtains the impression that protein by some 
process of interference alters the solubility product of CaHPO<. The error intro- 
duced by protein in using the quotient of serum calcium times serum phosphorus 
as an index may, consequently, be constant, in which case it could be disregarded. 
There is, therefore, some evidence other than empiricism to justify multiplying 
serum calcium by serum phosphorus. 

There is some conflicting evidence as regards the effect of protein on inactivating 
phosphate ions. Grollman (18) showed that at normal ranges of calcium, 100 per 
cent of the serum phosphorus is filterable. Pincus, Peterson, and Kramer (19) 
found that the concentration of phosphorus in ultrafiltrates was the same as that 
in the original serum. Thus, if protein prevents some of the phosphates from 
exerting their full ionic values, it probably cannot be thought of as a strong union 
of protein and phosphates as has been considered in tlie case of calcium. 
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Even if one grants that the product of Ca X P tends to remain ahout 
constant at varying degrees of parathyroid activity, this could only he 
so if all other factors which etlect this product were ke{)t constant. We 
do not as yet know what all these factors may be. One can only ho|)e 
to get consistent results if all possible factors such as diet, activity, 
e.xposure to ultraviolet light, etc., are kept as constant as {)ossible, as 
in the e.xperiments reported in Part I. The marked discreiiancy, for 
instance, shown by the two cases of hypoparathyroidism discussed in 
Part 11, may be due to any one of the many factors which were altered 
between the time when the calcium was low and the time when it was 
high. The elevation of the calcium in both of these cases was brought 
about by the thyroid hormone. The si.x cases of my.xedema studied 
by Aub, Bauer, Heath, and Ropes (20) likewise showed an increase in 
the product of Ca X P under thyroid treatment as did the one case 
studied by Albright, Bauer, and Aub (21). Conversely, the case of 
Grave’s disease in this latter study showed a reduction in the product 
of Ca X P coincident with treatment and reduction of metabolism. 
There is, then, some evidence that the thyroid hormone tends to 
increase the product of Ca X P. 

What are some of the other more important factors which may influ- 
ence the product of Ca X P? The serum protein requires no further 
discussion. There are three of special interest: (1) species of animal, 
(2) growth factor, and (3) hydrogen ion concentration. 

In the rat the product of Ca X P is almost double that found in the 
human and the dog. If one assumes that this product is governed by 
physical-chemical laws there must be some modifying factor in the 
serum of the rat. The increase in the product is due to an increase in 
the phosphorus. Probably each species has its characteristic product 
depending on certain modifying variables. Likewise, to a lesser 
e.xtent each individual in a species probably has its characteristic 
product. 

It will be noted that the curve in chart 2 has a product of Ca X P of 
60.4 while that in chart 3 has one of 36.1. The discrepancy is j>robably 
partly connected with the fact that chart 2 deals with a growing boy 
wliilc chart 3 deals with adults. Hess and Lundagen (22; tmphaswed 
that during growth the serum phosphorus is elevated more than at 
other times. Shear and Kramer in their equilibration experiments 
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showed that the serum of normal young animals is more nearly satu- 
rated with respect to CaHP 04 than the serum of older animals. 
Whereas Shipley, Kramer, and Howland have demonstrated that, 
when the product of Ca X P is 35, calcification is obtained in vitro, 
Kramer, Shelling, and Orent (23) showed that when the pH is below 
7.0, calcification is not obtained even with a product of 50. Shear 
and Kramer point out that at the reduced pH the product of [Ca^] X 
[HPO 7 ] is reduced. This results because at a reduced pH the same 
amount of P produces fewer HPO 7 ions. The degree of this change 
can be quantitatively determined from the equation taken from Shear, 
Washburn, and Kramer (15) : 


[HP07] = 


[Pi 


1 -f 10 


pKi - 


ph) 


In chart 3, two broken line curves are constructed to show what differ- 
ence a 1/10 of a point in pH makes. They are so constructed that 
their ion products equal that of the full line when allowance is made 
for the shift in pH. It will be seen that by this method of calculation 
a shift in the pH of a degree which one might find pathologically in 
the blood will account for only a small change in the product of Ca X P. 
Thus, if there is an alkalosis in parathyroid tetany or an acidosis in 
hyperparathyroidism, it would not account for a marked shift in 
Ca X P product. Wilson, Stearns and Thurlow (24) from a study of 
the dissociation of oxyhemoglobin following parathyroid tetany in 
dogs, concluded that there was a tendency to alkalosis, in hypopara- 
thyroidism. McCann (25) found a rise in blood CO 2 in two dogs suf- 
fering from parathyroid tetany. Hastings and Murray (26) were 
unable to substantiate these findings. In one of our cases the CO 2 
combining power of the serum which was done at a time when the 
serum calcium was low (4.5 mgm.), was found to be high (75 volumes 
per cent). Brehme and Gybrgy (28) found a slight lowering of pH 
as a result of administering parathormone. 

As further evidence of the slight effect of changes in pH on the cal- 
cium-phosphorus product, table 5, is included. Here the effect of 
an ammonium chloride acidosis on a patient with idiopathic para- 
thyroid tetany is illustrated. Although the acidosis caused a rise in 
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Scrum calcium as so often is the case, the calcium-phosjilionis product 
was only slightly raised. 

I here remains to be (liscussed the abrupt rise in seaun phosphorus 
at the verj- high levels of serum calcium. This is in entire agreement 
with the work of Collip (7). lie has emphasized that after the senim 
calcium has risen to a certain critical point, there is a shut-down in 
kidney function with a rapid rise in serum phosphorus, non[)rotein 
nitrogen, etc. The work of Grollman (18) may be significant here. 
He showed that whereas normally 100 per cent of serum phosphate is 
filtrable, at high levels of calcium this is no longer true. He further 
showed that injection of parathormone into a dog produced a state 


TABLE 3 

DdU from pdilent 'j:ith hypoparathyroidism shji::ing effect of the production of an acidosis on 
scrum calcium and scrum phosphorus 


1 

Dale 

Scrum 

Ca 

P 

CaXP 

COi 

Cl 

Prutcin 

! Tool/ 

1 ba-A: 

Mav 11... 

192T ! 

msm, 

per 

too C£. 

4.5 

m.im, 
per . 
100 cc. j 

6 2 

27,9 

column 
per ani 

75 .3 

mim. \ 
per 

100 cc, 

550 

per cent 

6 7 

1 


ilay IS 

4.6 i 

6.7 

1 

30 S 

52.1 

614 


Mav 25 

5 2 

5 9 

30.7 

54 . 6 

614 

7.7 

i 1.56 

June 2 

6.7 

4.4 

1 29.5 

■IVSI 


' 8.0 

i 153 

June 14 

i 5 3 

5.3 

28. 1 

S5.5 


6.9 

150 


(calcium' = 17.9) where only 63 per cent of the inorganic phosphonis 
was filtrable. This rather suggests that, at high levels of calcium, 
it may be difficult to e.xcrete the inorganic phosphorus through the 
glomeruli. A diminution in phosphorus e.xcretion in the urine at high 
levels of calcium was apparent in the patients receiving large doses 
of parathormone ((9), observation XXVTH, p. 159). As a result 
phosphorus may pile up in the blood. When this phenomenon does 
occur, it would appear that there must be a marked supersaturation 
of the blood with CaHPOi. This is supported by the work of Hueper 
(27), '.vhicb has been repeated by one of us (F. A.), who found calcifica- 
lion in the thyroid glands, mucous membrane of stomach, lungs, and 
kidneys of dogs dying from parathormone overdosage. We wouM 
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emphasize that this whole phenomenon is a secondary one, a complica- 
tion of kidney shut-down as it were, and has probably nothing to do 
with the fundamental action of parathormone. It leads to a disorder 
of calcium and phosphorus metabolism where the body fluids contain 
more than the normal amount of calcium phosphate and thus may be 
compared with the ergosterol poisoning where similar pathological 
calcifications are produced, 

suamARY 

1. From an analysis of 354 simultaneous determinations of serum 
calcium and serum inorganic phosphorus in patients at varying degrees 
of hypo- and hyperparathyroidism, it would appear that one rises as 
the other falls to such a degree that their product remains roughly 
constant. 

2. It is pointed out that such a constancy implies a slight reduction 
of phosphorus at high levels of calcium but a marked increase of phos- 
phorus at low levels of calcium. 

3. The question is raised whether this constancy represents the 
direct expression of a law or whether it is merely a dose approxima- 
tion to some law. In this connection it is pointed out that if calcium 
and phosphate are precipitated in the bones as secondary calcium 
phosphate and if the effect introduced by serum protein can be shown 
to be constant there may be chemical support to such a constancy. 

4. The effects of serum protein, the thyroid hormone, the species 
of organism, the phenomenon of growth and pH on the product of 
Ca X P are discussed. 

5. It is believed that dysfunctions of the parathyroid glands belong 
to that group of calcium disorders in which the body fluids contain a 
normal amount of calcium phosphate but in which the relation of 
the calcium to the phosphate is abnormal. 

6. However, at very high levels of calcium a secondary phenomenon 
occurs. Phosphorus is no longer excreted in the urine and serum 
phosphorus abruptly rises. This results in a disorder of calcium 
metabolism where the body fluids contain an increased amount of 
calcium phosphate and leads to calcium phosphate precipitation in tis- 
sues other than bone. 

7. The data give no clue as to whether with parathyroid administra- 
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lion the -Sonim calcium rises because the serum phosphorus falls, or 
whether the serum phosphorus falls because the serum calcium rises. 
Based on this data alone one supposition is as logical as the other. 
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STUDIES ON THE VELOCITY OF BLOOD FLOW 


XV. The Velocity of Blood Flow and Other Aspects of the 
Circulation in Patients with “Primary” and Secondary 
Anemia and in Tivo Patients with Polycythemia Vera^ 
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Claude Bernard (1) stated that “ . . . . the various systems of 
the body have protective functions to place in reserve the substances 
essential to life and to maintain uninterruptedly the humidity, warmth 
and other conditions indispensable to vital activity.” The purpose of 
the present investigation is to study the protective function of the 
velocity of blood flow in compensating for deficient oxygen carrying 
capacity of the blood. When the oxygen carrying capacity of the 
blood is diminished two mechanisms are available to maintain an 
adequate supply of oxygen to the tissues (22). These mechanisms 
may act singly or together. The first of these mechanisms consists in 
relatively more complete abstraction of oxygen from the blood as it 
passes through the capillaries (16). Normally, 100 cc. of arterial 
blood contain approximately 18 cc. of oxygen. Under normal basal 
conditions, only about 5.5 cc. are removed from the blood as it passes 
through the capillaries. The remaining 12.5 cc. may be regarded as 
reserve oxygen which can be called upon during exercise or other 
unusual states to prevent asphyxia of the tissues. The anemic patient 
in relying on this mechanism of more complete oxygen abstraction, 
diminishes his reserve oxygen and sacrifices this factor of safety, tlie 
degree of sacrifice depending upon the severity of the anemia. 

The second mechanism which may compensate for a deficient con- 
centration of hemoglobin consists of an increase in blood flow. If 

1 This investigation was aided by a grant from the DeLamar Mobile Research 
Fund of Harvard University. 
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the concentration of hemoglobin is 50 per cent of normal, the bhuxl 
ilow may be doubled. Under such circumsiancc.s, the amount of 
o.xygen withdrawn from each cubic centimeter of blood would be one 
half the normal, but the total amount of o.xygen given off to the tis- 
sues would be unchanged and the total reserve o.vygeii would be im- 
diminished. The heart, however, would be re([uired to expend an 
abnormal amount of energy, and the circulatory reserve would be 
encroached upon. The extent to which the pulmonary blood flow is 
accelerated in the presence of anemia has not previously been studied; 
the following investigation was therefore undertaken in order to gain 
further knowledge regarding the degree to which increased rate of 
blood How compensates for dehcient concentration of hemoglobin. 

METHODS USED 

Preceding studies (2, 3, 4, 5) have shown the feasibility of intra- 
venous injection of radium C for measurement of the velocity of blood 
flow from the ann to the heart (arm to heart time) aiul of the velocity 
of pulmonary blood flow (pulmonary circulation time). The method 
appeared particularly suited to the study of the circulatory adjustment 
to anemia because, in contrast to circulator}' minute volume estima- 
tions, the measurements are more direct and do not involve elaborate 
estimations of the COj dissociation curves in each patient as is neces- 
sary in the carbon dioxide methods. In this research, all measure- 
ments were obtained under basal metabolic conditions. The pulse 
rate was counted several times before and after each test. The ven- 
ous ijressure was estimated according to the direct venipuncture 
method of Moritz and Tabora. The vital capacity of all patients 
was measured by means of a Collins spirometer. The hemoglobin 
concentration of the peripheral blood was measured by the New- 
comer method. The blood plasma volume was estimated by the 
brilliant vital red method used by Thompson (30). In several patients 
with pernicious anemia observations were made when the hemoglobin 
concentration of the blood was low and later when, after treatment 
•with liver extract (23), the blood more nearly approached normal. 
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RESULTS AND DISCUSSION 

Thirty-two complete series of measurements were made in twenty- 
nine subjects with pernicious anemia, - with secondary anemia and 
carcinoma, and with secondary anemia due to causes other than car- 
cinoma (table 1), All patients were free from evidence of congestive 
heart failure. The patients have been divided into several groups 
according to the etiology of the anemia in order to learn whether the 
circulatory adjustment differs according to the underlying pathologi- 
cal condition. 

The circulatory adjustment in patients with primary” anemia and 
anemia secondary to diseases other than carcinoma 

To clarify tlie relation between certain important findings, the 
relation between the hemoglobin and the pulse rate (fig. 1), between 
the pulse rate and the velocity of pulmonary blood flow (fig. 2), and 
the relation between the velocity of pulmonary blood flow and the 
hemoglobin concentration of the blood (fig. 3) were plotted in patients 
with primary anemia and in patients with secondary anemia not due 
to carcinoma. The results show that, while there are considerable 
variations, the velocity of blood flow through the lungs in these pa- 
tients generally tends to increase in proportion to the degree of anemia. 
The variations may well be due to small differences in the basal met- 
abolic rate, some investigators having found normal values, others 
an increase (15). Previous studies have indeed shown that the pul- 
monary circulation time may be affected by the metabolic rate (6, 7). 
The variations may also be due in part to the fact that different 
individuals with anemia probably rely in varying degree on the ab- 
straction of a greater percentage of oxygen from the capillary blood. 

These alterations in the velocity of blood flow are in accord with 
observations on the minute volume output of the heart in anemia. 
Plesch (26), by an indirect method, found that the total volume output 
was always increased roughly in proportion to the severity of the 
anemia, Liljestrand and Stenstrom (20) likewise observed a rise in 
the minute volume output of the heart but believed that the oxygen 
unsaturation of the venous blood in aiiemia -svas greater and that the 
increase in the minute volume output was less than that found by 
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Plc=ch. The obser\-alk)ns of Richards aiul Strauss (27) were in entire 
agreement with the hndings of LiljesLrand and Slenstrdm (20). 

Certain investigators have inferred the general state of the circu- 
lation in anemia by studying the difference in oxygen content of the 
arterial and venous bloods of the amr. T^Iorawitz and Rbhrner (24) 
observed a relatively greater loss of oxygen during anemia than nor- 



PULSE RATE 

J'lG. 1. R£1_\T:0.V BeXWEE-V HeiIOGLOBIX COXCEXTiCmOX (Pekcextage op 
XokiLTL) .-VXD Pulse RvVTe ix Patiexts witb ‘'Pkiilvkv” A.xEiiu axd 
Axeulv Seco.vdaky to Diseases Otheh tha.x Cakcixoiia 

The solid dots refer to measurements in patients with “primary” anemia, the 
circles, to measurements in patients with anemia secondary to diseases other tJian 
carcinoma. 

nial indicating that a certain degree of compensation in anemia is 
attained by increased o.xygen unsaturation. They considered, that an 
increase in blood ilow was, however, of still greater importance. 
Lundsgaard (21), as a result of his studies of the peripheral blood, 
concluded, "The results Seem to show that the resting organism does 
not increase its circulation until all the reserve o.xygen is used. This 
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means that the resting anemic organism does not need or use any 
compensation for its anemia until the hemoglobin has sunk below 30 
per cent. Below that value the organism increases the blood flow in 
order to secure to the tissues the normal amount of oxygen/* 

It is questionable, however, whether results gained by the study of 
the blood flow through the arm can rightly be used as an index of the 



Fig. 2. Relation Bet^veen the Pulse Rate and the Velocity of Pulmonary 

Blood Flow in Patients with ‘‘Primary” Anemia and Anemia Secondary 
TO Diseases Other than Carcinoma 

The solid dots refer to measurements in patients with “primary” anemia, the 
circles, to measurements in patients with anemia secondary to diseases other than 
carcinoma. 

general circulatory adjustment of the body. G. N. Stewart (29) 
was evidently of similar opinion. He found that the volume of blood 
flow in the arms was diminished in anemic patients but stated that 
this might be due to peripheral vasoconstriction allowing the volume 
flowing through other parts of the body to be markedly increased. 

It should be noted that the vital capacity of the lungs in our pa- 
tients was moderately reduced in the absence of any signs of congestive 
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heart failure. Some patients complained of weakness and fatiitue 
but these factors, according to Peabody and Sturgis (2.5), are not im- 
portant in causing a reduction of the vital capacity of the lungs. We 
are unable to e.vplain this lowering in the vital capacity, though it may 
well be related to the presence of an increased cunount of blood in the 
lungs (14, 6), coincident with an increased rate of blood tlow. 
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The solid dots refer to measurements in patients with '‘primary" anemia, the 
circles, to measurements in patients with anemia secondao' diseases other than 
carcinoma. 


The mean plasma volume per kilogram of body weight w'as within 
the range of nonnal, again indicating the constancy of this characteris- 
tic of the circulation (S). The mean blood volume per kilogram v/as 
nuxlcratcly decreased. 

In previous communications the response of the circulation to v/hie 
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variations in basal metabolic rate in myxedema and thyrotoxicosis 
was studied (6, 7). The pulse rate was related more closely to changes 
in pulmonary blood velocity than to changes in the basal metabolic 
rate. Similarly, in the present study the pulse rate is more closely 
related to changes in velocity of the pulmonary circulation than to 
variations in the degree of anemia. This result is in accord with 
expectation for the pulse rate and velocity of blood flow are both 
characteristics of the general circulatory adjustment and as such are 
more closely related physiologically to each other than to change in 
the oxygen carrying capacity of the blood. 

During muscular exercise in normal individuals the minute volume 
output of the heart rises as a linear function of the oxygen absorption, 
but at the same tune the oxygen abstraction is on the whole more 
complete, though the type of work may to some extent affect the rela- 
tive degrees to which these two mechanisms are employed (11, 12). In 
thyrotoxicosis, on the other hand, the compensation is ahnost entirely 
circulatory for the increased oxygen demands of the body are usually 
supplied \vithout diminishing the oxygen tension of the mixed venous 
blood (19, 28). In anemia the greater the diminution in hemoglobin, 
the greater the extent, even at rest, to which the blood supply must be 
increased to supply adequate amounts of oxygen to the tissues. Under 
such circumstances, any muscular exercise places a relatively great bur- 
den on the cardiovascular system. This doubtless is an important fac- 
tor in the frequent presence of dyspnea in patients with severe anemia, 
such as pernicious anemia. The clinical observations of Herrick (17), 
BuUrich (9), and Coombs (13) that anemic patients with angina 
pectoris may be relieved of the attacks of pain by improving the condi- 
tion of the blood is readily understood on the basis of these considera- 
tions. The heart in such patients may be damaged to so slight an 
extent that it is able to maintain an adequate blood flow provided that 
the oxygen carrying capacity of the blood is normal. In the presence 
of anemia, however, the increased amount of work necessary to com- 
pensate for this condition cannot readily be accomplished, particularly 
since the blood supply to the heart is affected in common with that of 
the rest of the body. 



o,ss 


VKr.ocirv or ist^ooi) flow 


y l:c circuUilory adjustmci'A (o secondiiry atu'mu: in piilscnts ::d!h 

Ciircinoiiui 


Patients with anemia secondary to carcinoma were sliuiied as a 
separate group because clinical experience suggests that tlie circula- 
tion is treciuently atTected adversely in this condition. Symptoms such 
as dyspnea, signs of congestive failure, perii)heral edema, weakness and 
cyanosis are frequently more pronounced than one would expect on 
the basis of the degree of the anemia, malnutrition or toxicity (10). 
The findings in the group of patients studied are in accord witli clini- 
cal experience. The average concentration of hemoglobin was jirac- 
tically the same in patients with carcinoma and with pernicious ane- 
mia, but the average velocity of pulmonary blood ilow was reduced 
to 89 per cent of normal when carcinoma was present but was raised 
to 1 13 per cent in patients with pernicious anemia. 


The pulmonary circulalion lime and related functions of the circulation 
in two patients udth polycythemia vera 

Since the velocit}’’ of blood flow is increased in patients with a 
diminished concentration of hemoglobin, it was thought to be of in- 
terest to learn whether the circulation is slow in patients with abnor- 
mally great concentrations of hemoglobin. In contrast to the un- 
usually rapid blood flow found in the former group, two patients 
with polycythemia vera showed definite retardation of the blood ibiw 
below the average of normal. In one patient the extent to which 
slowing was related to the increased amount of hemoglobin cannot be 
accurately stated, for, although the patient showed no signs of con- 
gestive failure at the time of the test, fibrillation of the auricles was 
present. We have observed, however, that in the absence of signs oi 
circulatory failure the blood velocity (-1) may be normal, even in tiie 
presence of this abnormal mechanism. This slowing of the blood flow 
in polycythemia vera corresponds in degree to the diminished minute 
volume output of the heart observed by Liljestraiui and Slenstrom 
(20>. The increase in blood volume is due to the increased number of 
red blood cells, the plasma volume per kilogram of body weight being 
greatly diminished belo'.v the average of normal I'lSj. The charac- 
teristics of the blood are the reverse of those present in anemia and the 
circulatorv aiiiusimeiit is corresrwndinglv altered. 
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These findings illustrate anew the close interrelationships among 
apparently diverse functions of the body; in this case, among the res- 
piratory, circulatory and metabolic systems. In a former study of 
the velocity of blood flow and related functions of the circulation in 
pulmonary emphysema evidence was presented which suggested that 
the circulation was accelerated to compensate for the defect in **ex- 
ternal respiration' ' (31) . In this communication evidence is presented 
which indicates that, similarly, in patients with anemia, the circulation 
is accelerated to compensate for failure of the ‘‘internal respiration,” 

SUMMARY AND CONCLUSIONS 

1. The degree to which increased blood flow compensates for a de- 
ficient concentration of hemoglobin was studied in patients with 
pernicious anemia, with secondary anemia and carcinoma, and with 
secondary anemia due to causes other than carcinoma, 

2. Thirty- two complete series of measurements of the vital capac- 
ity of the lungs, the blood plasma volume, the pulse rate, the arterial 
and venous blood pressures, and the velocity of blood flow through 
the lungs and from the ann to the heart were made in twenty-nine 
subjects. 

3. In patients with “primary” anemia or with secondary anemia not 
due to carcinoma, the velocity of blood flow through the lungs tended 
to increase in proportion to the degree of anemia. 

4. The increased burden on the cardiovascular system is accentuated 
by exertion and serves to explain the frequent presence of dyspnea in 
severely anemic patients and also the alleviation of angina pectoris 
in such patients after improvement in the condition of the blood. 

5. The average concentration of hemoglobin was practically the 
same in patients with anemia due to carcinoma as in patients with 
pernicious anemia but the velocity of pulmonary blood flow in the 
former group was relatively slower. This serves to explain why 
symptoms such as dyspnea, signs of congestive failure, peripheral 
edema, weakness and cyanosis are frequently more pronounced in 
patients with carcinoma than one would expect on the basis simply of 
anemia, malnutrition or toxicity. 

6. In contrast to the unusually rapid blood flow in patients with 
anemia, two subjects with polycythemia vera showed definite retarda- 
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tion v)f the blooii ilow below the average nonnal; the characteristic^ 
oi the bk'Kul in this condition ;ire the reverse of those present in anemia 
and the circulatory adjustment is correspun(linj;ly altered. 

7. In a j)revious study of the velocity of blood ilow aiui related 
functions of the circulation in pulmonary emphysema evidence was 
presented which suggested that the circulation was acceleratcri to 
compensate for the defect in ^‘external respiration/’ In this communi- 
cation evidence is presented which indicates that, similarly, in patients 
with anemia, the circulation is accelerated to compensate for failure 
of the “internal respiration/’ 
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STUDIES IN CONGESTIVE HEART FAILURE 


VIII. The Effect of the ^ministration of Dibasic Potassium 

Phosphate on the Potassium Content of Certain Tissues^ 

By J. At^FRED CALHOUN, GLENN E. CULLEN, GURNEY CLARKE and 
T. R. HARRISON 

(From the Departments of Medicine and Biochemistry of Vanderbilt University, Nashville) 
(Received for publication July 28, 1930) 

Previous investigations have shown that the potassium contents 
of both the skeletal and the cardiac muscle of patients dying of con- 
gestive heart failure were diminished (Harrison, Pilcher and Ewing, 
1930). Analyses of tissue obtained by biopsy indicated that edema 
was probably the cause of the loss of potassium from the skeletal mus- 
cle (Pilcher, Calhoun, Cullen and Harrison, 1930). Studies on hearts 
of subjects d3dng under various conditions led to the belief that over- 
work was probably responsible for the loss of potassium from the car- 
diac muscle (Calhoun, Cullen, Clarke and Harrison, 1930). In order 
to determine whether or not this chemical change is irreversible the 
observations described in this paper were carried out. 

METHOD 

According to the technique described in our previous publications 
tissues were obtained at the postmortem table and were analyzed 
for potassium and for total solids. Specimens were obtained from 
the heart and from the gastrocnemius muscle in all the cases. In 
some instances portions of the liver and kidney were also analyzed. 

The potassium content and total solids were determined in tissue 
from three classes of patients, (1) patients with heart disease who had 
never received potassium, (2) patients with heart disease who had 

^ Aided by a grant from the National Research Council. 
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received potassium, (3) a control group of patients without lie.ut 
disease and whose hearts appeared nonual at autopsy. 

In the series of patients who died of heart disease there were four- 
teen individuals with clinical and pathological evidence of failure of 
both ventricles, i.e., both systemic and pulmonary congestion. Alt 
of these subjects had had some pitting edema in the past, anti in many 
edema had been massive. Seven of these subjects had been treated 
in the usual way and had not received potassium salts. 'I'he other 
seven subjects had had the usual treatment and had also taken potas- 
sium dibasic phosphate by mouth for varj'ing periods of time. (This 
salt of potassium was chosen because Laszlo (1928) found decreased 
phosphate content of the skeletal and cardiac muscle in patients with 
cardiac disease.) Five of them received this salt in doses of six grains 
daily. One patient was given twice as much. The seventh individual 
took potassium iodide for six months and potassium dibasic phosphate 
for two weeks. The length of time during which potassiunr salts were 
administered to each subject is given in the tables. 

Complete data concerning the clinical state of these patients who 
w'ere given potassium phosphate will be presented in a later paper. 

RESULTS 

The values for total solids and for potassium obtained in- this study 
are presented in tables 1 to 5, each table reporting the value of all 
three groups of cases for one type of tissue. The average values for 
the entire series are sunmiarized in table 6. The data for potassium in 
drx' tissue is presented graphically in figure 1.‘ In the tables, the 
potassium values are given for both “dr>'” and '’wet ’ muscle, but 
figure 1 presents only the values for “dry” muscle since a similar chart 
based on “wet” muscle gives entirely comparable results. In the 
discussion of potassium contents of the various tissues the percentage 
for “dry” muscle is used throughout. 
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TABLE 1 

The soUds and potassium co^itenl of skeletal muscle 
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0.337| 

0 ! 

0 
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p.309| 

0 1 
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R. D. 

Brain tumor ! 
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0 1 
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1.50 
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0 1 
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J.F. 

Syphilitic myocarditis 
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0 
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J-J. 
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0.79 
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0 
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J.B. 
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Chronic nephritic hyper- 
tension 

25.1 

1.18 
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0 

1 0 

1 

Cardiac failure; 
never received 

E.R. 1 

J-R. 1 
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17.7 
18 5 

0.78 
, 0.86 
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,0.155 
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■ 0 

0 

i 0 

potassium di- 
basic phosphate 

F.H. 
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26.9 
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: 0 

1 0 


E.H. 

Mitral stenosis 
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i 1.39 
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1 0 

i 0 
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Hypertension 

19.5 
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A. D. 
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' 17.6 
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TAIiLE ’ 

Tr.i solids isr.d pdjssi'.tii; cor.Unl of •.entrlcic 


SiibJtCt 

Chief tiiaiiao-li 


u 

I 

1 

3 


h 

•'* B 

‘Sm 

c:w 
o 0 

55 

a 


E. A. 

Lymphosarcoma 

per 

cent 

IS.O 

cent 

l.-io 

Per 

cent 

0.262 

0 

0 

] No cardiac dis’ 
r 

R. D, 

Brain tumor 

20.5 

1.30 0.267 

0 

0 

J. s. 

Carcinoma of esophagus 

21.0 

1.210.254 

0 

0 

1 ease 

J- 1'- 

Syphilitic myocarditis 

19.6 

1.100.216 

0 

0 


J. J. 

S>philitic aortic insuiTi- 

18 7 

O.OS 0,177 

0 

0 


J. B. 

ciency 

Chronic nephritic hyper- 

IS. 5 

0.94'o.l72 

0 

0 

Cardiac failure; 
never received 

E. R. 

tension 

Cardiac hypertrophy 

17.5' 

0.97jo.l70 

0 

0 

pota:;2»ium di- 
basic pho:>phaic 

F. IL 

l^-per tension 

IS 6 

0.95 0.177 

0 

0 

J. R, 

H>'per tension 

19.9 

0-85 0.148 

0 

0 


E. H. 

Mitral stenosis 

18.3 

M3 0.206 

0 

0 


G. H. 

H>T>crtension 1 

17.6 

0.95 0.168 

12 

2.5^ 


H. M. 

^litral stenosis 

19.2! 

M2;0.215 

6 

6.3! 

Cardiac failure; 

F. D. 

Syphilitic aortic insuiu- 

* 

17.6 

1.00^0.176 

6 

22.0, 

reccivetl 

^ B. P. 

ciency 

II>'pertcnsion 

20.3 

! 

1.120.22S 

6 

1 

28.?: 

slum dibauc 

phosphate 

A. D. 

' Hypertension 

18.6; 
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TABLE 3 

The solids and poiassiiim content of left ventricle 
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The solids and potassium content of the kidney 
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Average values for the solids and potassium content 
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DISCUSSION 
Skeletal Muscle 

Total solids. In the control subjects the percentage of total solids 
varied between 22.2 and 27.1 per cent with an average of 24.8 per cent. 
Most of the subjects with cardiac disease had lower solids, although 
three of them had values within, and one had a value above the control 
range. The average values for solids were higher in the subjects who 
did than in those who did not receive potassium phosphate but were 
below the controls in both groups. Two of the subjects (J. R. and 
M. H.) had had marked edema previously but at the time of death 
had no “pitting.” The water content of their muscles was definitely 
high, low total solids indicating that moderate edema of the muscles 
may be present without demonstrable signs. The reverse situation, 
i.e., a high percentage of total solids in the muscle with “pitting” of 
the subcutaneous tissues, did not occur in this series. It seems that 
the presence of “pitting” may usually be interpreted as meaning that 
the regional muscles as well as the subcutaneous tissues are edematous, 
but the absence of pitting does not mean that the muscles of the legs 
are not edematous. When'diuresis occurs and all evidence of edema 
disappears the muscles may (as in J. R, and M. H.) still be rich in 
water, or (as in F. H. and B. P. both of whom had been edematous in 
the past) their water content may diminish to normal. 

Poiassiiivi. Inspection of figure 1 shows definitely that the potassium 
content of the skeletal muscle of patients with cardiac failure tends 
to run much lower than in the control. As is to be expected, the range 
is greater, and in the present series two of the seven cases fall within 
the control range. Administration of K 2 HPO 4 , with one exception, 
restored the potassium content of skeletal muscle to the level of the 
controls. That this is a restoration of potassium seems most probable 
since the clinical history, treatment other than K 2 HPO 4 administra- 
tion, and the autopsy findings were similar in the two groups. 

Cardiac Muscle 

Total solids. The ventricles of the control subjects contained, as 
an average, about ten per cent more total solids than did those of the 
patients with cardiac disease. The content of solids in the patients 
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